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INTRODUCTION TO APPENDICES

The following appendices are included in this report:
Appendix A - Description of Spiking Procedures
Appendix B - Sampling and Analytical Methods
Appendix C - Description of CEM System
Appendix D - Raw Operational Data Sheets
Appendix E - Hourly Averages for CEM System Data
Appendix F - Raw Analytical Data Sheets for Test Items

Appendix G - Analytical Data Summary Tables for Stack Test Program
Appendix H - Analytical Data Summary Tables for Test Items

Appendix I - Example Calculations

Breaker pages are provided to identify each appendix listed above. A brief
summary is included at the beginning of each appendix describing the

contents.
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A. Description of Spiking Procedures

A description of the spiking procedures is discussed in the
follcwing subsections. Svarkless equipment was used when
preparing and applying the spike solutions. WESTON personnel, in
conjunction with HWAAP laboratory personnel, prepared the liquid
spike solutions. HWAAP laboratory personnel prepared the paste
spike solutions. HWAAP laboratory personnel applied all spike
liquid/paste solutions.

A.l TNT spiking procedures. A homogenous liquid solution (i.e.,
no solid TNT) was used to spike the following items of equipment:

powrler boxes

steam-heated risers
steam~heacted discharge valves
steel pipe .
aluminum pipe

0000

Prior to spiking, a batch solution was made to sgpike all test
equipment. One hundred grams of TNT were added to 250 nlL of
acetone; 25 nlL of the homoganous solution were add:d t2 the test
equipment outlined above (using a pipet). After adding the
solution ¢to the equipment, the pipet was flushed with
acetonitrile to remove residual TNT. The rinsate was added to
the equipment. This resulted in a spike of 10 grams of THT for
each piece of ecuipment.

The liquid spike solution was added directly into the powder
boxes. The boxes were agitated to swirl the liquid, exposing it
to the internal surfaces. Holes or cracks in the powder boxes
were plugged with parafilm wax.

For steam~heated vessels (risers and discharge valves), the
bottom steam connection was covered with parafilm wax. Al<chough
it was originally planned to use rubber stoppers, parafilm

was used to avoid potential znalytical interference associated
with rubber products. The spike solution was added to the upper
steam connection. The vessel was agitated to swirl the liquid
and expose it to the internal surfaces.

For pipe (aluminum and steel), one end of the pipe section was
covered with parafilm wax. Spike solution was added into the
open end of the pipe. The pipe was agitated to swirl the liquid,
exposing it to the internal surfaces.

A heterogenous mixture (i.e., a workable paste) was used to spike
the support racks for shells. For the TNT spike, 1 gram of TNT
was mixed with about 0.8 mL of acetone. Although it was
originally planned to spike shell support racks with 10 grams of
TNT, field operations indicated that 1 gram was sufficient to
cover the spike area (¢ inches by 4 inches) adequately. The
mixing container and applicator (spatula) weres rinsed with about
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50 mL acsetonitiile. Tha rinsate was collected for analysis to
datarmine the amount of TNT that adhered to the container and
applicator.

The spiked equirment was placad cn the loading dock of Building
117-15 and allowed to air dry.

A.2 Ammonium picrate spiking procedures. A homogenous liquid
solution (i.e., nc solid ammonium picrata) was used to spike the
following items of equipment:

powder box

steam-heated riser
steam-heated discharge valve
steel pipe

aluminum pipe

cCo0o0o0O

Prior to spiking, a batch solution was made to spike all test
equipment. Forty grams of ammonium picrate were added to 2400 mlL
of acetone; 300 mlL of the homogenous solution were added to the
test ejuipment outlined above (using a pipet). After adding the
solution to the equipment, the pipet was flushed with water to
remove residual ammonium picrate. The ringsate was addad to the
equipment. This resulted in a spike of 5 grams of ammonium
picrate for each piece of equipment.

The procedures for spiking with ammonium picrate are the same as
those used for spiking with TNT (for each type of equipment).

A.3 Spike recovery procedures. As outlined in the Tast Plan, it
was originally planned to conduct spike recovery tests. Selected
pieces of test equipment were to be spikad with TNT and ammonium
picrata. The spiked equipment was to be sampled (wipe sanples or
rinsates) to determine the efficiency of the sampling methods.
During spiking activities, however, it wss determinad that it
would never be possible to fully recover the TNT or ammonium
picrate spiked on the equipment. Residual icvels of explosives
on the parafilm, steam connectiona, etc. interfered with
recovery. Therefo :, based on convergaticns with USATHAMA
personnel, it was decided to conduct multiple rinses on the
treated test equipment rather than on spiked equirment. Treated
equipment was sampled using a series of four rinses.
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Appendix B provides a description of the following Sampling and Analytical
Methods:

. EPA Method 1 - Sample and velocity traverses for stationary
sorrces. (Page B-1)

. EFA Method 2 - Determination of stack gas velocity and volumetric
flow rate. (Page B-5)

* EPA Method 25A - Determination of total gaseous organic
concentration using a flame ionization analyzer. (Page B-17)

e  EPA Method 3 - Gas 2nalysis for carbon dioxide, oxygen, excess air,
and dry molecular weight. (Page B-19)

. EPA Method 10 - Determination of carbcn monoxide emissions from
stationary sources. (Page B-21)

. EBP:;& Method 4 - Determination of moisture content in stack gases.
( -;5)

e EPA Wipe Sampling Technique (Page B-29)

*  Modified Method LW02 - Analysis of explosives in soil, wipe, and
rinsate samples. (Page B-33)

*  Modified Method for nitrocellulose, nitrcglycerin, and PETN in
water. (Page B-46)

*  Ammonium Picrate in water and wipe samples by high performance
liquid chrematography. (Page B-49)

. Igl;%)Modiﬁed Method 5 - Modified method 5 sampling train. (Page

. EPA Method 5 - Determination of particulate emjssions from
stationary sources. (Page B-105)

* EPA Method 3A - Determination of oxygen and carbon dioxide
concentrations in era’ssions from stationary sources. (Page B-119)

e EPA Method 7E - Determination of nitrogen oxide emissions from
stationary sources. (Page B-123)

Section 7 of the main report provides a summary of the sampling and
analytical methoda used to evaluate test items and air samples. The locations
of the samtpling points are shown in Figure 7-1 of the main report. A
summary of the analytical parameters associated with each point is presented
in Table 7-1 of the main report.
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SAMPLE AND VELOCITY TRAVERSES FOR STATIONARY SOURCES
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METHOD ! «-SAMPLE AND VEiocTTY TRAVERSRS
FOR STATIONARY SOURCES

1. Principle and Applwcadility

1.1 Principle. To aid 10 tae represeata.
tive mesasurement of pc'lutant emindions
and/or total volumetric {low rste {rom a
SLALIONArY sourse, 3 measurenent site where
the effluent stream i3 flowing in & known di.
rection 15 selected, and the cross-section of
the stack s divided {nto & number of equas
Areas. A traverse point i thea located
within esch of these equal aress.

1.2 Applicability, This method U applica-
ble o flowlng gas streams in ducta, stacks.
and flues. The method cannot be used
when (1) flow is cyciorie or swirling (see
Section 2.4). (2) & stzck I3 smaller than
about 0.30 mecer (12 in.) in diameter. or
0.071 m? (113 In. M cross-sectional area, of (3)
the messurement site 15 less than teu stack
or duct diameters downstream or less than a
half diamecer upstrean. from s flow disiurd
[ V3 8

The requirements of this method must de
considered before construction of & new fa-
cility from which emissions will be meas-
ured: failure to do 30 may require subse-
quent aiterations to the stack or deviation
{rom the standard procedure. Cases iLvolv.
ing variants are subject to approuval by the
Admintstrator, U.S. Environmental Protec:
tion Agency.

3 Procedure

2.1 Selection 6f Measurement Site. Sam-
pling or velocity measi'rsment is performed
Al & site located st 1:ust eight stack or duct
diameters downstream and two diameters
upstresm {rom any flow listurdance such ss
A bend. expansion. or contraction in the
stack. or from a visible fia ne. If necessary,
AN alternative location may de selected, at a
potition at least two stack or duct diamete=s
downstream and s haif diameter upstream
irem aay flow d'siurbance. For a rectangu.
lar crom section, an equiviient diameter
(D} shall be calculated from the following
equation. 0 determune the upstream and
downstream distances:

2w
¢ & commemmt—.

L+W)

where Lelength and We width,

An alternative procedure is available {or
determining the acceptabiiity of o
measurement location not meeting the
criteria above. This precedure. determination
of ges flow angies st the sampling points and .
comparing the results with acceptadility
cniteria, is described in Section 2.8,

2.2 Determining tise Number of Travers:
Points,

3.2.1 Particulate Traversas. When the
eight and two-dlameter criterion can be
met., the minimum number of traverss
points shall be: 1) twelve, for circular or
reclangular stacl's with diametars (or equiv.
alent diameters) greater than 0.01 meter (24
in.); () eight, for circular stacks with diam.
eters between 0.30 and 0.61 meter (13-24
in); (3) nine, for rectangular stacks with
equiviient diamseters between 0.39 and 0.61
metar (12-34 in.).

When the eight- and twodiameter crite-
rion aannot be met, the minimum pumber
of traverse points is detarmined from Figure
1-1, Bafore refefTing to the {igure, however,
determine the distances from the chosen

RULES AND REGUIATIONS/AUGUST s,

measurement site L0 the nearest upstreass
and dowrmstream dusturdbances. and lvide
esch distance Yy the stack diamecer or

TaBLg 1-1 CACSS-SECTION LAYCYT FOR

1977

AECTAMCULAR STACKS

aqu valent diameter, to determine the dis AW ¢! Vevaree Dowve oty @ ot
tance tn terme of the number of duct d'ume-
ters. Then, ditermine [rom Pisure 1-i the 19
minimum number of traverse points that T3]
corresponds: ‘1) Lo *hie ~umber of duct &- dee
ameters ups.resm: and (2) 1o the number of e Sus
diameters downstream. Select the bigher of Ses
e LWO0 minimum numbers of iraverss ::
points, or & greater vrlue. 30 that for cirey- 18
lar stacks the number is & majtiple of ¢, and Ter
J0r rectangular stacks. the numbder i ooe of
those shown in [sole “-1.
-
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2.2.3 Velocity (Non-Purticulate) Tre.
versss. When velocity or volumetrie flow
rate 18 Lo De determuned (but Aot particulste
matter), the same procedure as that {or par.
ticulate traverses (Seslion 2.2.1) u {ollowed,
sxcept that Figure {-2 may be used instead
of Ngure 1.1,

2.3 Crcss-sectional layout and Location
of Traverse Points.

.31 Circuiar Siacks. Locate the traverse
pCints on lwo perpendicular diameters ac-
cording to Table 1-3 and the example st.own
N Ainre 1-3. Aay equation (for examopies,
see Citations 2 and 3 !n the Bidliograohy)
that gives the same values as those 1n Tadle
1-1 may be used in lieu of Table 1-2.

For particulate traverses, one of the diam.
eters must be in a plane containng the
greatest expected concentration vanation.
e.g.. after hends, one diameter shall be in
the plane of the ber 1. This requirement be-
romes less critical as the distance from the
dizturbance incrensss; therefors, other di-
ameter locations may be wed, subject 1o ap-
proval of the Administrator.

TRAVERSE DISTANCE.
SCINT *y 3t diameler
ad
1“s
o ¥ ]
h U
"ne
"ne

-8

In addition for stacks having dzmeters
reater than 0.81 m (24 in.) no traverse
points shall be located withun 2.5 centime.
terr (1.30 in.) of the stack wailt. and [or
stack dizmeters squal (0 cr less than 0.61 m
(34 1n.), no traverse points shall be located
within 1.J cm (0.50 in) of the siack walls.

To meet these critera. observe the proce-
dures given deiow,

2.3l Stacke With Diameters Greates
Than 0.61 m (24 1. When any of the tra.
verse pownts 4a loented in Jecccn 2.3.1 {all
withun 2.5 cra (1.00 ) of the stack wadls, re-
iocate them away frum the stack wails t0:
(1) & distance of 25 cm (1.00 {n); v (2) &
distance equal to the nozmle inside diamaever,
shicheaver is larger. These relocated tra.
verse powncs (on esch end of a diameter)
shall be the "2djusted” traverse pownts, -

Whenever two successive traverse points
are combined to form a single adjusted tra-
verse pount, treat the adjusted pount as two
separste traverss pownts, both in the sam.
pling (or velocity messurement) procedure,
and in recording the cata.

Figqure 1-3. Eximoic snowsng Crrculer STack CTOSS section divided into
12 cGual areas. with 10CATION Of (raverse DOINES (ndICated.

TASLE 1-2. LOCATION OF TRAVERSE POINTS IN CIACULAR STACKS
(Mercert of SWOR AAMONr MM e wal 1 Faveree somt)

Numdor of YEveres JONS On § SeMeRRe

Troverss parst revber en & o s

o [ 12l wiw|wlolm]a

148 [ %4
84| 280
750

LX)
140

e
"5
kX ]

W2 20 29 18} 18} 18| 13| o 1.1
08| 62| &7| 87| «o| a4} 239 28| 22
194 140 1098] 98] 33| 73| 7| a0 ss

23| 226 17.7]| 1a0] 123| 08! 07] 47| 79
07.7] 342} 230 | N1 | 148 | 1461 128 18] 108
CO8| S48 350 2¢0} 220 108 ] 108 ( 18| 122

0S| 7T74] 64s] 28} NI} Ne| 04 180 18
908 | 0854|7501 Qs I7S| 208 260 218 04

e 023! 1] 28 N2 X8| N2 DO
el a2l TSI L7 M8 N8} 218 72

QI Ml 708| Me| ©1.2| M3| 223

078} 09| 81| "ea| 90| 007 | 200

il 03| ea

-39 £ I ST TS T3t et adatelataiuly

EPA STATTONARY SOURCE SAMPL ING METHCDS
Page 1-2

REV &

3/08

o

Y




23.1.2 Stacks With Dismeters Equal W0
or Lzss Than 0.1 m (24 ). Collow the pro-
cadure 101 Section 2.3.1.1. noting only "hat
any “adjusted” pownts shouid bDe reiocsted
away {rom the stack walls to: (1) s distance
of 1.3 cm (0.50 1n,1; ur (2) 8 distance equal 10
the nozle nside Jdiameter. whichever 3
larger.

232 Rectanguiar Stacks. Determine the
number of (fiverse ponts a8 explained n
Sections 2.1 and 2.2 of this method. From
Table 1.1, deterinine the grid configurstion
Divide the stack cross-section !nto as many
equal rectangulsr elemertal sreas as lra-
verse points, and then locate a traverse
point at the centroid of each equal ares ac.
cording to the exameg!e in Figure 1 4.

If the testar desires to use more than the
minunum nuwaber of trave,se polnts,
expand the "minimum number of traverse
polnis” matrix (sce Table 1-1) by adding the
eXtra traverse points along one ar the other
or both legs of the matrix: the linal matnx
need not be balanced. For example, Uf s 4x3
“mintrum nimber vf POINE matrix were
expanded to 38 pointa the {inal matrix
could de 9x¢ or 12x3, and would not neces-
sarily have to e 6x6. Alter coustrucring the
final matrix, divide the stack cross-section
[ito as many equal rectangulsr. elemental
Areas as (raverse points, and locate s tra-
verse point at the centroid of sach equal
ares.

The situation of trave .2 rolats deirg too
close to the stack walls 2 nos expected to
arise with reetangular stacks If this proh
lem shouid ever aise. the Administrator
must de contacted for resoluticy of the
matter.

3.4 Vertfication of Absence ef CTycionic
Flow. In most stationary sources. the direc.
tion of stack gas flow is essentially parallel
to the stack walls. However, cyclonic flow
may exist (1) after such devices as cycic.es
and (nertial demisters following venturt
scrubders, or (2) in ssacks having tungencial
Inlets or other duct configurations which
tend to induce swirling: (n thesa (nstances.
the presence or absence of cyclonie Mow st
the sampling location must be determined.
The following techniques are acceptable for
this determination.

T Y T

] t '

[ ' o l L ] [ ]
]
I B

o ! o | o ! °
! | I
\ ! \

o | o | o j o
1 | )

Fiqure 1.4, Exgmole shovang rectangular stack trom
ACHON Qivided into 12 equsl ress. wilh § traversy
POINt at cantrong of each area,

Level and zero the manometer. Connect &
Tyoe o ritol tube to the manometer. Post-
tion the Type 3 pitot tude at each ‘raverse
point. L1 succession, 30 that the slanes of
the {ace opent gs of the Ditot tube sre per-
Yendgicwiar 10 *he stack cross-sectional
slane: ¥ren the Type S pitot tibe 3 in thiy
cosition, (L s «t 9" reference.” Note the dif-
{erentiai pressure (4p) reading at each tra-
verse pownt. [ a null (zero) pitnt reading u
obtawned at 9° reference al & given traverse
point. an acceptan!e flow condition exists at
that pcint.  the pitot reading s not zero at
0° refersnce. rolats the pitot tude (up 0
=90° yaw aigle), uatll a null resding ‘s od
tatned. Carefully Adetermine and record the
value of the rotation angle (a) to the newr-
et legree. After the null technique has
been applierd st each traverse point. calcu-
late the average of the absolute values of
assign « vaiues of 0° to those points for
which no rotation was required, and (nclude
these (n the oversll average. /f the aversge
value of - s greater than 20° “lie overall
flow condition in the stack (s unacceptable
and allernstive methodology, subject to the
approval of the Administrator, must be used
o perform accurate sampie and veiocity Ua-
versea.

The altemative procedure descnoed a
Section 2.3 may be used to determmne the
rotstion sngies in ieu of the procedure
described above. The limit of scceptability
{or the averagc value of a would remain 0.

23 Alternstive Messuremcat Site
Seiectirn Procedure. This aitemative appliss
to sources whers measurement locations are
lens than 2 equivalent stack or duct diameters
downstream of less than W duct dlameter
upstream from s flow disturbuncs. The
alternative should be limited to ducts larger
than 24 in. in diameter where blockage end
wall ¢{Tects are minimal A directional flow-
sensing probe is used to measure pitch end
ysw angles of the gas flow at 40 or more
traverse points: the rasuitant angle is
calculated and compared with ucceptable
criteria for mean and standard deviation.

Nota—=30th the pitch and yaw argies are
measured from a lie passing through the
traverse polnt and parallel to the stack axie.
Thae pitch angle is the angie of the gas flow
component ia the plane that INCLUDES the
traverse iine and is parallel to the stack axis.
The ysw angle is he angle of the gas flow
component in the plane PERPENDICULAR te
the trav.ree line at the traverse point and is
measured from the line passing thiough the
traverse point and parailel to the stack axis.

251 Apparstus.

235.1.1 Directional Probe. Any dimnctional
probe, such as Ututed Sansor Type UA Three
Dimensionai Directional Probe, vapabis of
measuning both the pitch end yaw angles of
gas flows ia ecosptable. (Note: Mention of
trade name or specific products doss not
constitute endoreemaent by the US.
Environmentai Prote~tion Agency.) \ssign an
identification number to the directional

EPA STATIONARY SOURCE SAMPLIND METHODS
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£rode. and bermanenty mark of sngrave the
numbdet on the vody of Le prode. The
pressure hoies of Crectonal prodes are
susceptble to plugging wr2n used 1
perticuiate-iaden gas streasns. Tharefore, @
system far clearung the pressure holes by
‘back-owrpng’ wi Tresewrtiad ar s
required.

£5.12 Differennial Pressure Cauges.
rcdined mancmeters, U-tube manometcrs, or
other duTerential pressure gauges (.8«
magneheiic gauges) that meet the
specifications descnibed in Method 2 § 2.2,

Nows.—If the differential pressurs gaupe
produces both negstive and poaitive readings.
then both negstive and positive pressure
readings shall be calibrated ~* § mununum of
three pounts as specified in Method 2, § 2.2

132 Traverse Points. Use & muumunr of
40 traverse pownts for croular ducts and 42
points for rectanguiar ducts lor the gas flow
angle deterrainations. Follow § 2.3 and Table
1-1 or 1-2 {or the iocatan and layout of the
traverse pownts. lf the messurement jocation
is datermunad 10 be sccaptable sccording to
the criteria 1 this #'ternaave procedure. use
the same traverse point number and locations
for sampli~g and vaiocity measuremaents.

2353 Messurement Procedure.

2531 Prepare the directions’ -obe and
difTerential pressure gauges as recommended
by the manufacturer. Capillary tubing ar
surge tanks na:’ be used to dampen pressure
Juctuations. It is recommended. but not
required. that & pretest laak chek be
conducted. To perform a leak check.
pressunze of use suction on the unpact
operuag until & reading of at least 7.6 cm (3
in.) HaO registeve on the differential pressure
gauge. then plug the impact opening. The
presswe of & leak-free systems will remain
stable {or at least 15 seconda. '

2332 Lavel and 1010 the manumaters.
Since the manometer level and zero may drift
because of vibrations and temperature
vhanges, punodically check the igvel and
zar0 during the traveres.

2533 Position the proue at the
sppropriste locstions in the gas stream. and
rotsts unti] sero deflection (s ind cated for the
yew angle pressure gsuge. Determine ang -
record the yew angie. Record the pressure
gauge readings for the pitch angle, and
retermine the pitch angle from the calitration
curve. Repest this procadure for yech
traveres point. Complete 4 “dback-purge” of
3¢ preseurs lines and the impact Jpenings
pnoe to messurements of each treverse point.

A post-test chack a9 describad in & 531
fs required. If the criteria for 2 lsak-free
system are not met, Sepair the equipment, and
repest the Nlow angle measurementa.

234 Calculate the resultant angie at each
fraverse point, the average resuitant angle,
and the standard deviation using the
fullowing equations. Complete the
calculations retaining at least one extra
significant figure beyond that of the acquired
data, Round the values after the final
caloulations.

it A s,




2341 Calculate the resultant angis st
tach traverse pont
R, = arc cosne ((coune YJ{cosine PJ] Eq.
1=l
Where:
R « Rasultant angie et traverse point i,
deqres. -
Y,= Yaw angie st traverse point i. degree.
Pym Prich angiz at traverse point §, degree,
25.42 Calcul~ta the sverage reswiant for
the Deasurements:

where
[« Aversge resultant angle, degree.
n « Total number of travesse points.
2.54.3 Calculate the standard devistions:

Whers:
S = Standard devistion. degree.

2535 The messurement location is
scceptable if R< 20° and S,<10°.

23.8 Calibration. Use a flow system as
described in Sections 4.1.21 and 4.1.22 of
Method 2. In addition. the Sow system shall
have the capacity to senerate two teste
section velocitiew: one batween 343 ind 730
m/min {1200 and 2400 ft/min) and one
between 730 and 1100 m/mun (2400 and W0
{t/min).

2381 Cut two entry ports in the tast
section. The axes through the entry ports
shall be perpendicular 10 each other and
intersect in the centroid of the test section.
The ports should be elongated siots parallel
to the axis of the test section snd of sufficient
length to allow measurement of pitch angies
while maintaining the prtot head position at
the test-section ceatroid. To {acilitate
alignment of the directional probe during
calibration, the test section should be
constructed of plexiglass or some other
transparent material. All calibratica
measurements should be made at the same
point in the test section. preferably st the
centrowd of the test-section.

23.82 To ensure that the gas flow is
parailel to the central cxis of the test section,
follow the procedure in Section 2.4 for
cyclonic flow determination to measure the
gas flow angies at the centroid of the test
section from two test ports located 90° apart.
The gss {low angle messured in each port
must be £ 2° of 0° Streighteniiiy vanes
should be installed. il necessary. 10 mest
thus criterion. .

2.5.83 Pitch Angle Calibration. Perform a
caiibration traverse according to the
msnulacturer’s recommended protocol in §*
increments for angies from ~60° to +80° at
one veiocily in esch of the two ranxes

specitied above. Average (he pressuse ratio
values obtained fc: each angle in the two
flow ranges. and plot & calibratiof curve with
the average values of the pressure ratio {of
ather suitr ble measurement {actor as
recommended by the manufacturert versus’
the pitch angle. Drrw a smooth line throgh
the Jats points. Plot aiso the deta walues tor
each traverse point. Determune the
differences between the measured deta
values and the angle from the calibration
2urve at the ssme pressure ratio. The
ditference at esch compansan must be within
2* for sngies between 0° and 40° sad wathin
3° for sngies between 40° and 80°. .

2564 Yaw Angle Calibrution Mark the
three-dinensional proba to allow the
determination of the yaw positioa of the
prode, This is usuaily a line extending the
length of the probe and aligned with the
impact opening. To dctermune the accuracy of
measurements of the yaw angle, only “he tare
or nuil position need be calilbrated as
foilows. Place the directional probe {n the test
section. #nd rotats the probe until the 1e10
position is found. With a protractor or athar
angle measunng device. messure e angle
indicated by the yaw angie indicator on ‘he
thie-demensional probe. This should be
within 2° of 0°. Repeat this measwrement for
any other points along the length of the pitot
where yaw sngle measurements cuid be
read in order t0 accoyat. for vasisnions (a the
pitot markings usad to indicate piot heed
pontions.
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METHOOD 2

NITHOD 2-DrroaMINaTICN OF STacx Gas
VILOCITY AND VOLUMETRIC FLOW Rarz
(TYre § Prror L0eg)

1. Prnciple and Applicability

1.1 Principie. The average gas velocity in
8 stack 3 determined from the gas density
and {rom measurement of the average veioc-
1ty head with a Type S (Stausscheidbe or re-
verse type) pitot tude.

1.2 Appiicabtlity. This mechod is applica.
bie for measurement of the average velocity
of & gas stream and for quantifying gas
Now.

THhis procedure is not applicable at mens-

» urement sizes which fall to mest the ctiteria
of Method 1. Section 2.1, Also, the method
Ccannot be used for direct me.surement in
cyclonic or swirling gas streams. Section 2.4
of Method | shows how (0 determun® cy-
clonie or swirling flow conditions. Whe.i un-

\v acceptable conditions exist. alternative pro-
cedures, subject 10 the approval of the Ad-
munustrator, US. Environmental Protection
Agency. must be employed 10 make accurate
fow rale determunations; exampies of such
alternative proccdures are: (1) 0 install
straightenung vanes: (2) to calculate the
total volumetric flow rate stnichiometrieal-
1y, or (3 10 move 10 another measurement
site st which the flow s acosplable.

196. 20 em®
€79 18}

RULES AND REGULAT IONS/AUGUST 18, 1977

2. ;tmmu

Specifications {or the spparatus sre given
beiow. Any other spparstus that has been
demonstrated (subject t0 approval of the
Admirustrator) to be capable of meeting tice
specificauions will be conudered acceptabie.

21 Type S Pitot Tube. The Type S pitot
tube (Figure 2-1) shall be made of meta
tuotng (e.g. staniess steel). It 15 recommend.
ed that the external tub:ng diameter (di-
mensnion O Pigurv 2-20) be between 0.48
and 0.95 centimeters (s and % inch). There
shall be an equal distance irom the base of
each leg of the pito: tude Lo its face-opening
plane (dimenzions ®, and P, Figure 2-3b); it
18 recommended that this distance be be-
tween 1.05 and 1.50 times the external

tubing dismeter. The {ace openings of the
pitot tudbe shall, prefersdly, be alignied as
shown in Figure 2-2: however, slight mis.
aligrunents of the openings are permusible
(see Figure 2-3).

The Type S pitot tude shall have & knowss
coe{{icient, determined as outlined in Sec.
tion 4. an identification number shall de as-
signed to the pitot tube: this number shall
bs permanently marked or sngraved on the
body of the tube.

+.Q

r 1 2em(3m)®

be
.

L._'...._........1 TEMPERATURE SENSOR

=3

*SUGGESTED (INTERFERENCE FREE)
MTOT TUBE - THEAMOCOUPLE SPACING

LEAK-FREE
COII(CNOI‘

VANOMETER

Figure 2.1. Type S pitot tube manomveter assembily.
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A-SIDE PLANE
{ - — ‘ g NOTE:
LONGITUDINAL ¥ O A Pa
TUBE AXIS *k r s ot e 1050, <P<1500,
* o - -.-—J--’L. ".'t
B-SIOE PLANE

(s}

"""'&"’ R OR B Q :

(e
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EPA STATIONARY STRICE SAMSLING METHOOS
Page 2-2 MV 1 e/as




TRANSVERSE

Tus: AXIS P f

LONGITUDINAL
TUBE AXIg ™"~

X "‘f.’."‘::"\—-: »

w

L]

Figure 2.3. Types of face-openng misakgniment that can result from field UsSe OF IMDrOPer ConBtTUCHON of
Type S prtot tubes. Thase will not atfect the baseine vaiue of Cp(s) so jong as al and a2 10°, 81 and 82
5,2 0.32cm (1/8 ) ana w 0.08 cm (1/22 n.) {citation 11 in Section 6).

A standard pitot tube may be used instead
of a Type S, provided that it meets the spec-
itications of Sections 2.7 and 4.2; note, how-
ever, that the static and impact pressure
holes of standard pitot tubes are susceptible
to plugging in particulate-laden gas streams.
Therefore, whenever a standard pitot tube
is used to perform a traverse, adequate
proo{ must be furnished that the openings
of the pitot tube have not plugged up
during the traverse period: this can be done
by taking a velocity head (ap) reading &t

the final traverse point, cleaning out the
impact and static holes of the standard
pitot tube by "back-purging” with pressur.
ized air, and then taking another Ap read-
ing. If the Ap readings made before and
after the air purge are the same (=5 per-
cefit), the traverse is acceptable. Otherwise,
reject the run. Note that {f Ap at the final
traverse point is unsuitably low, gnother
point may be selected. If “back-purging” at
regular intervais is part of the procedure,
then comparative ap readings shall be

EPA STATIONARY SOURCE SAMPLING METHOOS
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taken, as above, [ar the ladt {wo Dack purges
at which suitadbly high 3p readings are od-
served,

3.2 Differential Pressure Gauge. An (.
clined manometer or equivalent device i
used. Most sampiing trans ue equpped
with & 10-in. (water column) wnciuned-verts-
<l manometar, naving 0.01.w H,Q divisions
oo the 040 l-in inclined scale. and 0.1
HO divisions oa the 1- to 10-in vertical
scale. This type of manometer (or other
muge of equvalent sensitivity) i satisiae.
tory for the measurement of 39 vaiues ss
low as 1.3 mm (0.03 (n.) L.O. However, a dif.
forenrial pressure gauge of Jrester sensitini.
ty shall be used (subject Lo the spproval of
the Administrasor), iU any of the (olowing
is found to be true: (1) the arithzaetic aver.
age of all Ap readings at the traverse pointg
in the stack is less than 1.3 mm (0.08 ln)
R.O: (2) for traversas of 12 or raore points,
more than 10 percent of the individual Jp
resdings are below 1.3 mm (0.08 in.) K,0: (D)
{or traverses of fewer than 17 pownts. more
than one Ap reading is below 1.3 mm (0.93
in) B,0. Citatton 18 1n Section ¢ describes
commercially available instrumentation for
the messurwwent of low-ranige ga8 veioct
U

AS an altarative to criteria (1) through
(3) abave, the fo!lowing calculstion may be
Serformed to determune the necessity of
USINE & more sensiiive differential pressure
gauge:

2 Vap+K

T' [}

> Y37,

tw]

where:

dpeindividual velocity hesd reading ot a
‘raverse point, mua How (i H,O).

. Total nurber of traverse pointa,

X« d.13 mm (1,0 when metric units are used
and 0.00% in H,O when Engiish units are

d T4 grewter than 1.05, the velocity head
dats are unacveptable and s more sansitive
differentiai premure gsuge must be used.

- N U didferencias pressure gauges other
than inciined manometers are used (u g.
magneheilc yauges), their calidration must
be checked after esch test sartes. To check

the calibrstion of & differential pressure
ghuge, compare ip readings of the gauge
with those of & gauge-oll manometer at a
milraum of three points. spproximately
representing the range of ip vaiues (n tae
stack 12, at each point. the vaiuee nf \a ee
resd dy the dilferential pressure gauge and
gauge-0ll mLnometer agree Lo within § per-
cent, the differential pressure gsuge shall
be considered to be w1 proper calibration.
Qtherwise, the test sertes inhall either de
voided. or Drocedures to adjust the mees
ured Ap values and flnal resuits shall be
used subject Lo the approval of the Admuns-
trator.

23 Temoeruture Gauge. A thermaocou-
ple, llquid-1llled buib thermometer. dimetal-
e thermometer. mercury-in-glass thermom-
€L8F, Or other gauge. capable of messunng
tempemature to within 1.3 percent of the
minimum slwojute stack tetaperscure shall
be used. The tempersture gauge shall be at-
tached to the pitdt tube such thag the
sensor tip does not tuuth say metal the
auge shall de ia an incerference-(ree ar
rahgement with respect to the Ditex tude
{sce openings (see Pigure 2-1 and alse
Plgure 2-7 in Section 4). Alternate positiors
may be used U the pitot tude-tempernture
Fauge system (s calidrated scvording te the
protedure of Section 4. Provided that s dif-
{erence of not wore than | percent (a the
sverage velocity messurement (s ustroduced.
(he temperature gauge need 1ot de sttached
1 the DItOT tuDe: this Lternative s subject
to the spproval of the Adaunisuator.

ster tube and mercury- or water-flllee U-
tube manometer capadie of messuring stack
pressure 0 wmthin 2.3 um 0.8 n) Hg is
used. The static tap of » standard type pitot
tube or one leg of & Typa 8 Ditot tube with
the {ace operung planes positionsd parallel
o the saa flow may also be used as the pres-
sure probe.

© 1.3 Baromster. A mercury. anerowd er
other barometar capabls of messuring st
mospheric pressure 0 within 1.8 mm Hg
(0.1 in. Hg) may be used. In many cases, the
barometric resding may be obtained trom s

the sampling potnt shall be appiier at a rate
of minus 2.8 mm (0.1 in.) Hg per 30-meter
(100 foot) elevalion incresse or vica-verss
for elevation decrense.

EPA STATIOMARY SOURCE SAMPLING METVODS
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2.8 Gas Dersity Determuination Equip-
ment. Method J equipment. I needed (3e¢
Section 3.8), Lo determine the stack ¢as ary
molecuiar weight. and Reference Method 4
or Method 3 equipment f{or molsture con:
tent determination: o-her methods may de
used subject o spproval of the Admunustrs.
tor.
2.1 Callbration Pliot Tube. When calibrs.
tion of the Type S pitdt tude 3 necersary
(see Section 4). & standard pitt tude s uged
a8 a reference. The standard pitot tube
snall. preferaoly. have s known coeffictent.

omauned either (1) directly (rom the Nation-
14 Buresu of Standards, Route 270. Quince
QOrehard Rosd. Gaithersdurg, Maryland, or
(2) by calibration sgaunut another standurd
pitot tudbe WNth an NBS-traceadie coeffl-
clent. Alternatizely, & standssrd pitot tube
demighed according to the criteris Qiven in
2.1.1 througn 3.7.5 below and illustrated (n
Flgure 24 (see also Citations 7. 8, and 17
Lection §) may be used. Pitot tubes cesigned
socording ‘o these specifications wil have
aeline coefficienta of about 0.99=0.01.

211 Hemispherical (shown in Figure 1-
4), ellipsoidal, or contenl tip.

2173 A minimum of six dlame'ers
stralght run (based upon D, the external df:
smeter of the tube) be’ween the UD sl the
satie pressure holes.

173 A minimwm of eight diametars
straight rNa Detween the a%atic Dressure
holes and the centeritne of the external
tude. following the 00 degree bend.

2.7.4 Static presaurc hwies O equal size
(approxunstely 0.1 D). equally spaced tn &
piesoraeter ring contiguration.

375 Ninety dewzee bend. with cuwved or
r~itered junction.

2.8 Differential Pressure Qauge for Type
S Pitot Tube Calibration. An inclined ma-
nometer or equivalent iz used. I{ the singte-
veijocity cAlibration tachrugue s empioyed
(see Section 4.1.2.3). the caudration differ.
ential pressure gauge shall be resdabie e
the nearest 0.13 mm HO (0.008 in H,0).
Por muitivelocity calidrations, the gauge
shail bde readabie to the nearest 0.1 mm
HO (0.008 in HO) for A9 values between 1.3
and 23 mm H,O (0.08 and 1.0 tn. K.Q), and
te the nearest 1.3 mea H,O (0.08 in 3,0) for
AP vaiues abrve 25 mum HO (1.0 in H.O) A

more sensitive gaugs: wul de re-
to rend 39 values below 13 mm H.O
in. H,O} tsee Cltation 18 in Section 8..

i}
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Figure 2-4. Standard pitot tube design specificatiors.

3. Procedure

3.1 Set up the apparatus as shown in
Figure 2-1. Capillary tuding or surge tanks
installed between the r:anometer and pitog
tube may be used t0 dampen Ap fluctun.
tions. It i3 recommended. but not required.
that a pretest leak-check be conducted, as
follows: (1) blow thrrugh the pitot Impact
opening until at least 7.6 em (3 (1) HO vee
lociiy pressure registers on the manometsr:
then. close off the :mpact opening. The

‘pressure shall remain siable for at least 13

seconds: (2) do the same for the static pres-
sure side. excent using suction to obtain the
minimun; of 7.6 cm (3 in.) H.O. Other leak-
check procedures, subject to the approval of
the Administracor may be used.

3.2 Level and zero the manometer. Be-
tause the manometer level and zero may

drift due to vibrations and temperature
chenges. maks periolic checks durning the
traverse. Record all necemsary data as shown
in the exampie data shewt (Mgure 2-3).

3.3 Measure tha velocity head and tem-
perature at thig traverse points specified by
Method i Ensure that the proper differen.
tial pressure gauge is being used for the
Tange of Ap vaiues encountered (see Section
22). U (¢ is necessary to change to & more
sensitive gauge, do 30, and remeasure the Ap
and tempersture resdings at each traverse
potnt. Conduct & post-tess leak-checs (man.
datory), as described In Section 3.1 above, to
validate the traverse run.

3.4 Messure the static pressure in the

" stack. One resding is usuaily sdequate.

33 Detarmine the stzmospheric pressure.

EPA STATIONARY SOURCE SAMPLING METHOOS

Page 2-8

REV 1

/88

(X 1

8D (min.)

6D (min.)

&




PLANT

DATE

STACK OIAMETER OR QIMENSIONS, MR} e
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3.8 Determune the stack gas dry molecular
weight. Por combustion processes or proes
esses that ennt essentially COw O CO. and
N.. use Method 3. For processes emitting es-
sntially air., an analyss need not Se con-
ducted: use & dry molecular weight of 29.0.
For other processes, other methods, subject
to the approval of the Admimstraior, must
be used.

3.7 Obtain the mousture content from
Reference Method 4 (or equivalent) or from
Method 3.

3.8 Determine the cross-sectional ares of
the stack or duct at the sampiing loestion.
Whenever Dossible. physically measure the
stack dimenmions rasher than using bluee
pnota

Fi’"" 8 Vﬂecity traverse dsta.

4. Calidration

4.1 Type S Pitot Tube. Before s initial
use. carefully examune the T:oe 3 prot
tube in top. side, and end views o very
that the face overungs of the tube
aligned within the specifications illustrated
in Fgure 2-3 or 2-3. The pitex tube shail
nat be used if it fails to meet these align-
ment specifications

and (D) the base-to-opening plane d:sances
(dizaonsions 2. ane Py, Figure 2-200. It D 8
between 0.48 and 0.95 cza (W and % in.) anst

EPA STATIONARY SOURCE SAMPLINO NETVIOS
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1.1 Trpe 8 Pitat Tube Azcmblies.

J Dunng :ample and veiocity traverses. the
i o TYPE S MTOT TURE ) iy ot glibe b 0ot Liwin

used (n combination with other source-sam-

gling components (thermocoupie. samoling

o—— probe. noxxie) ss part ¢t an “assemdly.” The
e presence of other sampiing components can

) some:imes alfect the daseiine value of the
° Type S pitot tube ~oefficient (Citation 9 (n
Section §) therefors an assigr.ed (or other.
wlg known) base)ine cocllicient value may
or may not be valid for #» riven assembiy.
The baseline and assembdly coefflcient
A, BOTTOM VIEW: SHOWING MINMI'IM PTOT NOXZLE SEPARATION, values will be {dentical only when the rels.
tive placement of the components in the as-
sembly s such that serodynamuc interfer.
ence effects are eliminsted. Figures J-8
through 1-8 (lustrate (nterference-iree
component arrangements for Type 3 pitot
tubes having sxternal tubing dianetars be-
tweent 0.48 and 0.95 cm (Ms and % in). Type
§ pitot tube assemblies that fall to meet any
or all of the specifications of Pigures 2-§
IMPACT PRESSUAE throush 2-8 shall de calibrated wcording to
/OP"“:G MLani the procedure outlined in Sections .12

121Nl FOROqe tIem (1l mi

SAMPLING NOZZLE

SAMMLIN SAMPLING ~ / STATIC PRESUAE
¢ NOZILE OPENING PLANE

——— . wmm— *

through 4.1.3 below, and prior 0 calibra
tion, the valute of the intarcomponent spac-

h mo"v"t:u """' T < —— ings (pitot-nozzle. pitot-thermocouple, ditot-
. prode sheath) shall be messured and record-
od :
NOZILE ENTRY ] Note Do not use any Type S pitot tube
naste 3 assembly which is constructad such thas the
o i lmpact pressure opening planc of the pitot
tube is below plane nosxie
R SIOEVIEW. TO REVENT MTOT TUSE B ot ey ntry plane of the
FROM INTERFERING WITH GAS FLOW Caubrstion Set P
STREAMLINES APPROACMING THE Figers 3-8 mm boesmpling Mg‘zmu is to be muum‘t.l“ of t;
" NOZILE. THE IMPACT PRESSURE sezzie  provead sorvdy tube anall be Dermauently marked A and
OPENING PLANR OF THE MTOT TUSE i "-type aexsle: the other. B, Callbration shall be done &
SHALL BE EVIN WITH QR ABOVE THE o nweais and rﬂw“"-** . . .
NO2ZLE £ TRY PLAKE. batworn 048 snd 0.96 cm (Mo and % 0} flow ”lm having the foliowing essential

WPlElem
M) |

THERMOCOUPLE T ‘ THERMOCOUM €
—4 f 22150 (Nl

—

s g ¢ )4 g -

& TYPESMTOT TUSE

6 B TYPE S MTOY TUSE

|
|
|

Figure 2-7. Proper thermocouple placement 10 prevent intesference;
D; between 0.48 and .95 cm (3/15 and 3/8 in.).

4
]
4
0 TYPE § PITOT TUBE o
. l
i
|
{

SAMPLE PROZE [t ¥ 37.62 cm (3 in) m’q

1
|
] I ! l

Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ betwcen 0.48 and 0.95 cm (316 and 3/8 in.).
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4.1.2.1 The flowing gas iream must dv .
confined 10 & duct of definit - -oss-sectional J
aren. either cuvular or recta:Jular. For cir-

A o O T Tor mectan. PITOT TUSE IDENTIFICATION NUMBER: DATE.

iar cross-sections. the width (shorwer side) .
::ul De at least 23.4 cm (10 in). CALISRATED BY:

4¢.1.22 The cross-sectinnal ares of the
callbration duct must e ~ nstant gver a dis- “A" SIDE CALISRATION
tance of 10 or more -‘..; dlameters. For a
rectangular cross-section, use an equivalent doqe Seg
diameter. calculsted [rom the [ollowng ¢m H90 cm#30 OEVIATION

a ; ;
tousdion. 1o determine the number of duct AUN NO. fin. H70! lin Heh) | Cgiy | Cpiy) Cylhl

aPw 1 '

(LeWD

Equation 2-1 3 , 7]

where: d
D.= 2quivalent dismeter l Cy iS18TA)

L=length
We Width

To ensure the presence of stable, fully de v
veloped flow pattarns at the calibration site,
or “test section,” the u:o must be loaw: [ 1]
least oght diameters downsiream anu twn "8 SIGE CALIGRATION
diametars upstreaza from the Dearest dis- y 1o
turdbances. LY DY) do

18 aFe ot AmI0c: Gther e section Toce, em 120 o 70 °“"‘5"°'
s are n ute; : . .
tions may be used (subject to approval of RUN NG. (in. 420} (. %g) | Coin | Coin) CoiBl
the Administrator), provided that the flow
at the tast 7ite is stable and demonatrably . 1
parallel o the duct axis,
41.23 The flow system shail have the e 1
pecity <0 genarats a tast-eection velocity
around 913 m/min (3.000 {t/min). This ve-
locity must be constant with time to guaran- 1
tee sceudy fNow during calibration. Nots that -
TYpe 3 pitot tube coefficients obtined by Cy iDOE D
single-velocity calibration at $15 m/min
(3.000 ft/min) will generally be valid to
within =3 percent for the messurement of
velocities above 103 m/min (1,000 ft/min)
and to within =3 o § percent for the mess

3

urement of velocities detween 180 and 308

m/min (800 snd 1000 1t/mini. I o mare ‘: jestd-Epiaan |

precise correlation between velocity ; M <00t
s desired. the flow system shall have the ca AVERAGE DEVIATION » # (A QR ® « ; e MYST 8€

pacity (o generats at least four distinct.
tUme-invariant test-section velocities cover

ing the velocity range from 130 to 1328 m/ ¢ -€,
S g rocity range (rom 186 18 1. | Cy ($10€ A)<Cy (SIOE B) |omusT BE <O

data shall be taken at reguisar velocity inter-
8 Saction § ror cate (fee Citations ¢ and 14 Figure 2.9. Pitot tube calibration data.

4.i.2.4 Two entry porta, one each [or the
standard and Type 8 pitot tubse. shall de

cut m‘tncmﬁufuw:::‘nmmm 1
cntry port 3 ocated siightly down- 4133 Level and taro the manomster. DeiMt a8 was the standard Ditot tube and i
stream of the Type 3 port. 30 that 18 Tyrn on the fan and allow the flow 1o stadi. oiated directly into the flow. Make sure
siandard and Type S impact openings will lise. Seal the Type 8 entry port. that the eatry poft surrounding the tube is
lie in the sama cross-sectional plane during 4133 Insure that the manometer is Fewperiy senled.
calibration. To facilltate il'gnment of the  level and 3eroed. Position the standard pitot ~ ¢1.3.6 Rend as, and enter it value in the
pitot tubes during calibration, it is adnsable tube at the calibration point (determined as  %ata table. Remove the Type $ pitot tube ,‘
that the tast section be constructad of plex-  outlined in Section 4.1.5.1), and slign the [ the duct and disconnect It from the
{glas or some other transparenit material, tube 20 that its tip is pointed directly into MARSEeLey.
4.1.3 Calibration Procedure. Note that the flow. Particular car should de taksa in 4117 Reveat steps 4133 through
this procedure is & general ane and must not aligning the tube to avoid yaw apd mteh 4138 above until three pairs of ap readings
be used without first referring to the special angles. Maks sure that the entry port sur»  buwe bees obtained.
considerations pressntad in Section 4.1.8. rounding the tube is property sealed 4138 Repeat staps &
Note alse that this procedure applies only 4.13.4 Read 4%, and record its valus in & 41317 sbeve for the B side of the Type S
t0 single-velocity calibratioa. To obtain cali- dsta table similar to the one shown In et tude.
bration data for the A and B sides of the Plgure 2-0. Remove the

standard pitot tube 41319 Perform calculstions. as described
‘Tyve S pitot tube, proceed as follows: the In3ection ¢.1.¢ below,

0
4.1.3.1 Maks sure that the manometer is manometer. Seal the standard entry port. 4L4¢ Calculationa.
properly filled m thag the be teo

EPA STATIONARY SOURCE SAMM.ING METHOOS
« Pege 2-0¢ REV 2 3/88




QORI

GG v’ A:;:'

Llguation 2-2

vhere:

Coer= Type S pitut tube cosfficienl

Coew=Standard pitot tube coeificrent: use
0.99  the coelficient & unknown and
the tube i3 designed according to the cn-
tens of Sections 2.7.1 to 7.3 of thus
method,

ADue = Velocity head measured by tie siand-
ard pitot tube, cm H,0 (n. H:.0)

Ap,= Velocity head measured dy the Type S
pitot tude, cm H,0 (in H.O)

4.1.4.2 Calculate G, (side A), the mean A.
side coefficient, and C, (side B), the mean B.
side coefficient: calculste the difference de-
tween these two average vaiues.

4.1.4.3 Calculate the deviation of epch of
the three A.ude values of G from C, (side
A). and the deviation of esch B-side value of
& (rom G G, (side B). Use the following
equsation

Deviation -C..I.:-(’,.( Aot B)

Equation 2-3

4.1.4.4 Calculate « the aversge devintion
from the messn. for both the A snd B sides
of the pitot tube. Use the following equa-
tion:

3 -

35 iCun=Cyl A or 1)

\

e {side A vr B)m n
Fiauation 2-4

4.1.4.3 Use the Type 3 pitot tudbe only If
tha values of o (side A) and o fside 3) are
less than or equal to 0.01 and If the absolute
value of the difference between C, (A) and
C, {B) {3 0.01 or less.

4.1.5 Special considerstions.

4.1.5.1 Selectinn of calibration point.

¢1.5.1.1 When an Isolated Tipe S pitot
tube 13 calibrated, select a calitration point
at or ..ear the center of the duct. and {oilow
che procedures outlined win Sections ¢.1.3
and 4.1.4 above. The 'r?e S pitot coetff.
¢ty 30 obtauned, i.e., {, (side A) and C,
(side B)., will be valid. so long as either: (1)
the solated pitot tube 13 used: or (2) the
pitot tube 13 used with other comporents
(nozzle, thermocouple. sampie probe) !n an
urangenient that is {ree {rom xerodyr amic
intecference ef{ects (see Flgures 2-4
through 2-8).

4.1.5.1.a For Type S pitot tube-thermo~
couple combinations (without sample
probe), select a calibration point at or hear
the center of the duct. and follow the proce-
dures outlined Iln Sect.ons 4.1.3 and ¢.1.4
abave, The coefficients 30 obtained will de
vaiid so long as the pitot tube-thermocoupie
combinstion is used dy (tseif or with other
components in an interference-(ree arrangs
ment (Figures 3-8, and 2-8).

4.1.5.1.3 For assemblies with sample
probes, the calibration powit should be lo-
cated at OF near the center of the duct: how.
ever, insertion of & probe sheath into s
small duct may caiuse sighificant cross-see-
tional ares blockage and yneld incorrect co-
effictent valuee (Citation 9 in Section 6).
Therefore, to mirumize the bdlockage effect,
the calibration downt may de & few (nches

/

EXTERNAL
SHEATH

off-center if necessary. The actual blockage
effect wil] be negligible when the theoreu.
cal blockage. as determuned by & prjected.
sres model of the probe shesth. is 2 percent
or less of the duct cross-sectional ares [or
assembilies vithout external sheaths (Figure
2-10al, and ] percent cr less {ar wssrmblies
with external sheaths (Figure 2-10b).

4¢.1.5.2 For those probe asmsembdlies in
whi~h pitot tube-noz=ie interference s s
fae r tle., those in which the pitot-nozzle
senaration distance fals to meet the specifi.
cation ilustrated (n Figure 3-6a). the value
of Coe» depends upon the smount of {ree-
space petween the tude and nozxie. and
therefore i3 a function of nowzle size. s
these instances, separate calibrrtiions shail
be performed with each of the commonly
used norzle sizes in place. Note that the
single-velocity calibration technique s ae-
ceptabie for this purpose, even though the
larger nozzle sizes (>0.63% cm or % In.) are
not ordinarily used for tsokinetic sampling
st velocities around 215 m/min (3.000 f2/
min), which is the callbration velocity: note
alyo that it is not necessaly to draw an iso.-
kinetic sample during callbration (see Cita-
tion 19 in Section 6),

4.1.5.3 Por a prote aasembly constructed
such that its pitot tude {5 always used i the
same orientation. only one side of the pitot
tube need dbe calibrated (the side which wmil
face the flow). The Ditot tube must still

meet the alignment specifications of Figure
2-2 or 2-3, however, and must have an avar.
age deviation (@ value of 0.01 or less (see
Section 4.1.4.4).

ve

N

W
[ e
! [ ]
M)
BLOCKAGE | DUCT AREA

%)

Figure 2-10. Projected-area models for typical pitot tube assemblies.
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“gure 2-10. Projected-ares modeis (0OF (YDt
al pitot tube assembltes.

4.1.8 Meid Use and Recalidration.

4.1.8.1 Feid Use. ‘

¢1.51.1 When a Type S pitot tube (iso.
sted tube or assembly) is used 1n the [leid,
he sppregruate coefficient value (whether
ssigned or obtsined by calibration) shall be
sed to perform velocity calculations. For
alibrated Tyve 3 pitot tubes, the A side co-
{ficient shall be used when the A side uf
ke tude {aces the (low. and the B side coet-
letent shall be used @hen the B side {aces
he (low: alternatively, the arthmetic aver-
ge of the A and B side coefficient vaiues
1ay be used. irrespective of which side {aces
he (low.

4.1.5.1.2 When a probe assemoly s sed
> sample s small duct (12 to 38 (n. In diame-
er), the probe sheath sometinies biocks &
isnificant part of the duct cross-section.
LuSINE & reduction 1n the effective vaiue of
s Consult Cltation 9 in Section § for de-
wls. Conventional pitot-sampling prode a8
smbliss are not recoramended for use in
ucts having inside diameters smaller than
2 inches (Citation 16 in Section ¢6).

4.1.6.3 Recalibration.

4.1.6.2.1 Isolsted Pitot Tubes. Aftsr each
eid use. the pitot tubde shall de carefully
sexamined in top. side. and end views. U
ie pitot faoe openings are still uigned
1thin the specuications illustrated I
1gure 3-2 or 2-3, it can De sasumed that the
aseiine coefficient of the pitot tube has not
hanged. Uf. Nowever, the tubs has deen
ananged to the extent that it no longer
leats the rpecificeations of Mgure 3-2 or 2-
", the damage shall either be repaired to ro-
;ore proper slignment of the face cpeningy
r the tube shall be discarded.

4.1.8.22 Pitot Tube Assemblies, After

el fleld use, chiwck the {ace opentng alicn-

ient of the pitot tube, &8 in Section
1.8.2.1; also, remeasure the intercompon-
It spacings of the assembly. I the inter-
nponent oacings have not changed and
1¢ {ace opening alignment is scceptable. it
\n be assumed that the coeffletent of the
isembly has not changed. U the face open-
it slignment is no longer within the speci-
cations of Figures 2-2 or 1-), either repair
10 damage or repiace the pitot tube (call-
rating the new sssembly, if necessary). If
18 intercomponent spacings have changed.
Mtore the original spacings or recallbrate
¢ assembly.

4.2 Standard pitot tudbe (if spplicable). If
standard pitot tube is used for the velocity
averse, the tube shall be constructad ac-
irding to the criteris of Section 2.7 and
1all be asaigned a basellne coefficient value
! 0.89. 1f the standard DILOt tube is used a8
wrt of an assembly, the tube shall be in an
iterference-{ree arrangement (subject o
1e approval of the Admirustrator).

4.3 Temperature Gauges. After each
eid use. calibrate dial thermometers.
quid-filled dulb thermometars, thermocou-
le-potentiometer systems. and other
Juges At & lemperature withia 10 percent
[ the aveinge absolule stack Lemperaturs.
oF temperazures up to 4058° C (761° P), use
2 ASTM mercury-in-giass reference ther-
ometer, or equivaiont, as & reference: al-
ynasively, either a reference thermocouple
3d potentiometer (calidrated by NBS) of
1ermometnic {ixed potnta, e.g. ice hath and
Juling water (corrected {or barometric pres-
1re) may be used. For temperatures above
15° C (781° ™), use an NBS-calibrated refer-
1te thermoooupla-potentiometar system of
3 alternata reference, subject o the ap
roval of the AdDMBISLIRLOT.

1. during calibration. the ~tsoiute tem.

. perstures mesasured with the Jsauge deing

calibrated and the reference gaure agree
within 1.3 percent. the lempersture dats
taken in the [leld shall be considered valid
Otherwise. the pollutant emussior. -2t shall
either be considered invalid or sdjusrments
(If appropriate) of the cest resulls rnall de
made. subject L0 the approval of the Admun.
ustrstor.

4.4 Barometer. Calibrate the barometer
used againat & mercury barometar.

3. Calculations

Carry out calculations, retaining st least
one exirs decunal figure beyoud that of the
scquired da:a. Round off flguses alter (lnal
calculstion.

5.1 Nomenclature.

A= Cross-sectional ares of stack. m*(ft ",

Jo«Water vapor in the gas stream (from
Method 3 or Reference Method ¢), pre-
portion by velume.

C, = Pitot tube coefficient, dimenaloniess,

X, = Pitot ‘ube constant,

w [(le0-muerimmH r]'t
T = [—rvms'

for the metric systam and
49 I 515 tbmmete ) (in. N‘)]‘ﬂ
M v (*R)(in. HO)

for the English systam,

34 = Molecular weight of stack gus. dry dasis
(see Section 1.8) g/g-mole (1d/id>-mole),

M eMoleculer weight of sack gas wet
asaia, ¢/ ¢-mole (1d/ib-mole).

wMy (] =B8a) +18.0 B
Equation 3-8

Bo=Barometric premure sl aeasurement
site, mm Hg (in. Hg).
P, «Stack static pressure, mm Hg (in. Hg).

u.a‘mmmammn-!uu.
)

-’-0.’.
Zgu stion 3-4

Py=Standard absolute presspure, 760 mm
Hg (29.92 1n. Hg).

Qu = Dry volumetric stack gas flow rate con
rected to standard conditions, dscm/hr
(dacg/hr).

4L = Stack temperature, 'C (*P).

T, « Absolute stack tempersture, ‘X, ('R).

=273+ 4 for metric

Equation 2-7
» 480+ 4 for Ingliad

Equation 2-8
?.(-W sbeoluts tamperature, 293 ‘K

neAverage stack gas velocity, m/see (ft/
30€e),
h-;%m, head of stack gus. mm HO (in,

3.600 = Conversion factor, sec/hr.

18.0= Molecular wetght of watsr, g/g-mols
(1b/1>-mole).

$.2 Average stack gas velocity.

EPA STATIONARY SOURCE SAMM.ING METWMOGS
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"= K.C.(\/.-:.p).,'¢z;.-..;.

Equation 2-9

3.3 Average stack qas dry volumetric (low
rate.

T 2,
Qu=l80X1 - 8yitd (.—.) (..:>
T e P

Equation 2-10

“To convert Q from
decmibe (deci/hr} 10 dscm/mun (dact/
st dinde Q by &0.”
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METHOD 213A

Moo 25A-DrrerMiNaTION OF TOoTAL Gas-
toos Orcanic Coxcrntmarion Using A
FLAME [ONIZATION ANALYIE

1. 4pplicadility and Prnciple

L1 Applwcadulity. This method applies to
the measurement of Lotal gaseous ofganic
concentracion of vapors consisiing primanly
of alkanes, aikernes. and/or arenes (arcmatic
nhydrocarbons), The concentration is ex-
pressed in terms of propane (or other appro-
priate orgasuc calibration gas) or in terms of
carbon.

1.2 Pninciple A gas sample is extracted
{rom the source through a heated sample
iine, if neressary, and giass fiber filter to a
fNlame ionization analyzer (FIA). Results are
reported as volume concentration equive-
lents of the calibration gas or as carbon
equuivalents.

2. Definstions,

21 Measurement Systam. The total
equipment required for the determinstion
of the gas concentration. The system con-
sists of the following major subsystems:

2.1.1 Sample Interfoace That portion of
the system that is used for one or more of
the following: sample acquisition, sample
transportation. sample conditioning, or pro-
tection of the analyser from ti2 effects of
the stack effluent.

21.2 Organic Analyaer. That portion of
the system that sefnses orqanic concentra-
tion and generates an output proportional
10 the gas concentration. .

2.2 Span Value The upper limit of 3 gas
concentration measurement range that s
specified for a:fected source categories in

the applicable part of the reguiations. The
pan value is estadlished 1n the applicadble
reguiation and is usually 1.3 to 2.5 tunes the
applicable emission limut. If no span value i
provided. use & span value equiveient to 1.5
to 2.5 times the expected concentration. For
converuence. the span vaiue should corre-
spond to 100 percent of the recorder scale.

23 Calidration Gas. A known concentra.
tion of & gas in an appropnate diluent gas.

2.4 Zero DmyL The difference in the
measurement system response to a zero
level calibration gas before and after a
stated period of operation during whuch no
unscheduled maintenance. repair, or sdjust-
ment took place.

25 Calidration Drift. The difference in
the measurement system response to a mid-
level calibration gas before and after
stated penod of operation during which no
unscheduled maintenance, repar or adjust-
ment took place.

2.6 Response Time The time interval
from a step change in pollutant concentra
tion at the inlet to the emission measure
mert jystem to the time at which 95 per-
cent of the corresponding final value is
resched as displayed on the recorder.

2.7 Calidration Error. The difference be-
tween the gas concentration indicated by
the measurement system and the known
concentration of the calibration gas.

3. Apparatus

A schematic of an acceptable measure-
ment system (3 shown in Pigure 25A-1. The
essential components of the measurement
system are described beiow:
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3.1 Orpanic Comcentration Analyzer. A
flame ionization snalyzer (FIA) capable of
meeting or excewding the specifications in
this method.

12 Sample Prode Staiiiess steel o
equivalent, three-hole¢ rake type. Sample
holes shall be 4 mm in diameter or smaller
and located at 16.7, SO, and 33.3 percent of
the equuvalent stack diameter. Alternative-
ly. & single opening probe may be used 3o
thas & gas sampie is collected from tae cen-
trally located 10 percent area of the stack
cross-section.

1) Sample Lime Stainless steel or
Teflon® tubing to transport the sample gas
to the analyzers. The sample line should be
heated. if necessary. to prevent condenss.

L4 Calidration Valve Assembly. A three-
way valve assembdiy to direct the zero and
calidbration ¢ases t0 the analyzers is recom.
mended. Other methods, such as quick-con.
nect lnes, t0 routs calibrstion gas to the
ansiyzers are sppiicable.

LS Particulate Filler. An In-stack or an
out-of-stack glass fiber {liter is recommend.
ed if exhaust gas particulats loading is sig.
nificant. An out-af-stack filier should be
heated to prevent any condensstion.

16 Recorder. A atrip-chart recorder,
analog computer, or digital recorder for re-
cording measurement data. The minimum
data record{.? ~aquirement (s one measure-
ment value p3t minute. Nocte: This method
is often applied in Nighly explosive areas.
Caution and care should be exarcised in
choice of equipment and installation,

4. Calidration ang Other Gases.

Gases used for culibrations, fuel. and com-
bustion air (If required) are contained in
compressed ¢us cylinders, Preparation of
calibration gases shall de done w
the procedure in Proctocol No. 1, listed In
Reference 9.2. Additionally, the manufac.
turer of the cylinder should provide s rec-

EPA STATIONARY SOURCE SAMPLING METMOOR
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ommended sneif life {¢r eachh calibration sas
cylinder over which the concentration does
fiot change more than #2 percent from the
certified value. FPor callbration gas values
not genersily availadie (l.e. organics dDe-
tween | and 10 percent dy volume), alterna-
tive methods for preparing calibration ras
mixrures, such as dilution systems. may “e
usea with prior approval of the Adminusies.

tor.

Calibration gases usuaily consist of pro-
pane {n air or nitrogen and are determuned
in terms of the span value. Organic com-
pounds other than propane can de used {0i-
lowing the above guidelines and making the
appropriats correctiona {or response factor.

4.2 Fuel A 40 percent H,/80 percent He
or 40 percent H,., 80 percent N.gas mixture is
recommended to avoid an oxygen synergam
effect that reportedly occurs when oxsgen
concentration varies siguificantly from a
mean valus.

4.2 Zero Ges High purity air with less
than 0.1 parts per million by volume (ppmv)
of organic wmaterial (propane or cardbon
equivalent) or less than 0.1 percent of the
span value, whichever is greater.

4.3 Low-level Calibration Gas. An organ-
fe calidration gas with a concentration
equivalent to 25 to 33 percent of the asppli-
cable span value.

4.4 Mid.level Calidration Gas An organic
calibration gas with a concentration equve-
lent to 45 to 37 percent of the applicanle

span value.

4.3 High-level Calidmation Gas An organ-
ic calibration gas with a concentrauon
equivalant to 30 to 90 percent of the appli-
cable span value.

S, MHeasurement System Performance Spec-

&l Zero Drifl. Lams than =3 pereent of
tha tpan value.

5.2 Caltdration Drift. Lews than =3 per-
cent of span value,




5.3 Calidration Zrror. Less than =3 per.
cent of the caiibration gas value.

4. Pretest Preparations.

6.1 Selection o/ Sampling Site. The locs.
tion of the sampling site (s generall: speet-
{ied by the ardiicadle requlation or durpose
of the test: i.e., exhaust stack, iniet line. ete.
The sample port shall be located at least 1.3
roeters or 2 equivalent diametess (whichever
ts less) upstream of the gas discharge to the
stmosphere.

6.2 Location of Sample Prode. Install the
sample prode so that the prode s cencrally
located in the staci. pipe, or duct \nd is
sealed tightly at the stack port conr.ction,

8.2 Measurement Sysiem Preparelion
Prior to the emission test, assemble the
measurement system [ollowing the manu.
facturer's written instructions in preparing
the sample interface and the organic ans
Iyzer. Make the system operadle.

F1A equipment can de calidretad for
almost any range of total organics concen-
trations. For high concentrations of organ-
les (>1.0 parcent by voiume as propane)
modifications to most commonly availladle
anslyzers are necessary. One asccepted
method of equipment modification is to de
crease the size of the sampie to the analyzer
through Ne use of s smaller dlameter
sampie capillary. Direct and continuous
measurement of organic concentration Is &
necessary considaration whea detsrmining
any modification design.

&4 Caltdration Lrror Test. [mmedistely
prior to the test series. (within 2 hours of
the start of the test) introduce e gas and
high-level calibration gas at the caiidration
valve assemoly. Adjust the analyzer output
to the appropriate levels, f necessary. Cal-
culste the predicted response for the low.
level and oud-level guses bascd on & linear
response line betwien the zero and high-
level responses. Then Introduce low-level
and mid-level calioretion gases succssively
to the measurement system. Record the an.
alyzar responses for low-level and mid-level
Culibration gasas and determine the differ.
ences between the messurement system re-
sponses and the predictad responses. These
differences must De less than 5 percent of
the respective calibration gas value. I not,
the messuremant system i3 not scceptable
and must be replaced or repaired prior to
testing. No adjustments to the messuremens
systam shall be conductad after the calibra-
tion and before the drift check (Saction 1.3).
If adjustments are necessary before the
compietion oi the tast series. perform the
drift checks prior to the required sdjust-
ments and repeat the calibration following
the adjustments. If muitiple electronic
ranges are to be used, each additional range
must de checked with a mid-level caitbration
¥28 t0 verify the muitiplication factor.

65 Response Tima Test Introduce sere
£33 (no the measurement system al the
calibration valve assembly. When the
system output has stabilized, switeh quickly
o the high-level calibrating gus. Record the
time from the coneentration change to the
Measurement sy. m response equivalent te
93 percent of t' step change. Repest the
test three time nd average the resulta,

1. Zmunon Messurement Test

7.1 Orpamic Mecsurement Begin sam-
pling at the start of the test deriod. record.
Ing time and any required process informa-
tion as appropriste. In particular, note on
the recording chart periods of process inter-
ruption or cyclle operation.

7.2 Dyt  Determinsgtion. Immediately
{ollowing the compietion of the test pertod
and hourly dunng ‘he test pericd, reuntro-
duce the zero and oud-level calibration
Sases, one at & time, Lo the measurement
system st the callbration valve assembly.
(Make no sdjustments to the messurement
1ystem until after both the sero and calibre-
tion drift checks are made.) Record the ana-
lyzer response. If the drift values exceed the
Decifled limita, invalidate the test resuits
Preceding the check and repest the teat {ol-
lowing corrections te the measursment
ystem. Allernatively, recaiidrate the test
Measurement system as in Section 8.4 and
report the results using dech s.ts of calibra-
tion data (t.e., data determuned prior o the
test period and data determined follawing
the test peniod.

8. Organse Conciretton Caleulstions

larmine the aversge ergusic concentra.
tan in terms of ppeY a8 progpane or other
caubration gas The average shall be detar.
mined by the integratioa of the output re-
cording over the period specified in the ap~
plicanie regulation,

1f results are required (a serms of ppav a8
carbon, adjust messured ceoosestrations
using Equsiion 23A-1
CokK Con

£43. 23A-1

Where:

C,=» Organic concentration as carbon, ppmy.
Com=Organic concentration ss mcasured,

K= Appropriste respense factor for ether

- organic calibration gases.
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9.1 Messurement of Yolatlls Orpanie
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METHMOD 3

Mrrnoo 3-~Gas AnaLysts i Ok Carxson Diox-
198, OXYGEN, EXCZSS AIR. AND DRY Mocrre:
CLAR WRIGNT

1. Principie and Applicadiiily

1.1 Principle. A gas sample 13 extracted
(rom a stack, by one of the {oliowing meth.
ods: (1) single-point, gradb samplng (2)
single-point. .ntegrated sampling. or (J)
multi-pownt, integrated sampiing. The g8
sample i3 analyzed {or percent cardbon diox-
ide (CO,), percent oxygen (O,). and. if reces-
sary, percent carbon monoxide (CO) Uf a
dry molecular weight determination is to be
made. esther an Orsat or a Fyrite ' analyzer
may de used for the analysu: for excess sur
or emussion rate correction [actor determi-
nation, an Orsat analyzer must Ye used.

1.2 Appiicability. This method is applica-
ble for determiung CO. and C, concentra-
tions, excess awr, and dry molecular weight
of a sample from s gas stream o) a fossil-
‘uel combdustion process. The method msy
aiso be sppiicable 10 other processes whers
it has been determined that compounds
other than CO, O. CO, aad nitrogen (n.)
are not present in concentrations sufficient
to affect the results.

Other methods, as well as modifications te
the procedure descrided herein, are also ap-
plicable for some or all of the above deter-
munations. Examples of specific methods
and modifications include: (1) s multi-pount
sampling method using an Orsat analyzer w
analyze individual grabd sampies odtained at
esch point (2) s method using CO, or Oy
and stoichiometrie calculations to detarmine
dry molecular weight and excess aif; (3) as-
signing » value of 30.0 f{or dry moieculss
weight. In liew of actuss messurements, for
processes burning natural gas, coal, or ol
Thess methods and modifications may de
used. but are subject to the approval of the
Admunistrator, US. Environmental Protec.
tian Agency.

2. Apparalus

A3 an alternative to the sampili.g appare-
tus and systems descrided hercin, other
sampling systems (e.g.. liqwd dispiscement)
may be used provided such systems are ca
pable of obtaning s representative sample
and DAInNtANIng & CONSLADS sampling rate.
and are otherwise capable of ylelding re-
ceptable resuits. Use of such systems is sud-
ject to the approval of the Administrator.

2.1 Grab Sampling (Figurse 3-1).

2.1.1 Probe. The prode should be made of
steinless steel or borosilicats glass tubing
and should be equivped with an in-stack or
out-stack {iiter to remove particulate matter
(a plug of glass wool is satisfactory for this
purpose). Any other materials inert to O,,
CO. CO, and N, and resistant to tempera-
ture at sampling concitions may be used for
the probe: examples of such material are
aluminum, copper, quart: glass and Teflon.

2.1.3 Pump, A one-way squeess buld, or
equivalent, s used to transport the s
sample to the analyzer.

2.2 Integrated Sampling (Figure 3-2).

2.2.1 Probe. A prode such as that dee
serided in Section 2.1.1 is suitabls.

‘Mention of trade names or specific prod-
ucts does not constitute endorssment by the
Environmental Procwection Agency,
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2.2.2 Condenser. An ar-cooled or water.
cooled condenser. or other condencer that
wii] not remove O, CO. CO, and N,, may te
used tO remove excess moisture which
would interfere with the operation of the
pump and flow meter.

2.2.3 Valve. A needle valve (3 used to
sdjust sample gus {low rate.

2.2.4 Pump. A lesk.[ree. diaphragm-type
pump. or equivaient, is used 10 transport
sampie gas to the fexible bag. Install s
smail surge tank between the pump and
rate meter o eliminate the pulsation effect
of the disphsagm pump on the rotametsr.

2.2.5 Rate Meter. The rotametsr, or
equiveient rete meter. uwsed should be cape-
ble of measuring flow rate to within =3 per-
cent of the selected flow rate. A {low rais
range of 500 to 1000 cm '/ min is suggested.

2.2.8 Flexidle Bag. Any leak-free plastie
(e.g. Tediar., Myiar, Teflon) or plastic-
coated aluminum (e.g.. sluminized Mylar)
bag, or equuvalent, having a capacity con-
aatent with the seler yd flow rate and timee

1977

length of the test run, may be used. A cs.
pacity in the range af 35 ta 90 liters (s sug-
gested.

To leakcheck the bag. connect it to a
water ‘nanometer and pressurize the bag to
$ 10 10 e H.O (2 to 4 1 H.O) Allow to
stand for 10 munutes. Any dispiacement n
the water manomerer indicates a leak. An
altemative leakcheck method 13 to pressur.
12e the dbag to 3 to 10 em H,O (20 4 1. HO)
and allow 10 stand overnight. A deflated bag
indicates a leak.

.27 Pressure Gauge. A water-lllled U
tube manometer, of equivaient. of about 2
em (12 in.) ls used for the fexible bag leak-
check,

2.2.8 Vacuum Gauge. A mercury manom-
eter. of equivalent. of at least 760 mm Hg
(30 in. Hg) s used for the sampling traun
lesk-check,

33 Analysa. For Orsst and Pyrite anas-
lyzee maintenance and operation proce
dures. {oilow the instructions recommended
by the manufacturer. uniess otherwise spec-
({1ag hetein.

FLEXIBLE TUBING

< -

FILTER (GLASS waOL)

SQUEEIL WL

“T0 ANALYZER

Frgurn 3.1, Grow tompiing tramm.

AATE METER
\

VALYE
SURGE TaNx

AIRCOOLED
CONOENSER
muse e O
FILTER
IGLASS wooL)
et

MGI0 CORTAINER

Figure 3-1. imegrates gu-eampting ram.
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1.3.1 Dry Molecular Weight Determina.
tinn, An Orsat analyzer or Fyrite type com-
bustion gas anaiyzer may de used.

1.3.2 Zmussion Rate Correction Pactor or
Ixcess Alr Determination. An Orsat analys.
er must be used. For low COy (less than 4.0
percent) or high O, (greater that 13.0 per-
cent) concentrations. the measuring burette
of the Orsst must have it least 0.1 percent
subdivisions. ’

1. Dry Molecular Weight Determination

Any of the three sampling and analytical
procedures described below may tLe used {or
determining the dry molecuiar weight.

3.1 Single-Point, Gradb Sampiing and An-
alytical Procedure,

3.1.1 The sampling point in the duct
shall either be at the centroid ol the cross
section or at a poin no closer to the walls
than 1.00 m (3.3 {t), unless otherwise speci-
{ied by the Administratcr.

3.1.2 Set up the equipment as shown i
Figure 3-1, making sure &ll connections
ahead of the analyzer are tight and lesk-
free. I{ and Orsat analyzar is used. it is rec-
ommended that the analyzer be leaked.
chiecked by following the procedure in See-
tion 3; however, the lesk-<cheek is optional.

3.1.3 Place the trobe in the stack, with
the tip of the prubde positioned st the sam-
pling point: purge the sampling line. Draw a
sample into the analyzer and immediately
anacyze {t for percent CO, and percent O..
Determine the percentage of the gas that is
Ne and CO by subtracting the sum of the
percent CO, and percent O from 100 per-
cent. Calcuiate the dry molecular weight as
Indicatad in Section 6.3.

3.1.4 Repest the sampling, analysis, and
ealculation procedures, until the dry moles-
ular weights of any three grad sarples
differ {rom their mean by no more than 0.3
g/¢-mole (0.3 Ib/lb-mole). Average these
three molecular weighta, and report the re-
suits t0 the nearest 0.1 g/gauole (Ib/1d-
mole), )

3.2 Single-Point. Integratad Sambdiing
and Analytical Procedure. .

3.2.1 The sampling point in the duct
shall be locsted as specifiad (n Section 3.1.1.

3.2.2 Leak-check (optional) the flexidle
bag as in Section 2.2.6. Set up the equip-
ment as shown ia Figure 3-2. Just prior o
wmpling, leak-check (optional) the train by
nlacing & vacuwm gauge at the condenser
inlet, pulling s vacuum of st least 250 mm
He (10 in. Hg). plugging he outlet at the
quick disconnect, and then turning off the
pump. The vacuum should remain stable for
at least 0.3 minute. Evacuste the lexitie
aag, Connect the probe and place it in the
ack, with the tip of the probe positioned
2t the sampling point: purge the sampiing
line. Next, connect the bag and make sure
that all connections are tight and leak {ree.

3.2.3 Sample at a constant rate. The sam-.
pling run shouid de simultanscus with, and
for the same total length of time as. the pol.
Jutant emission rate determination. Collec.
tion of st 'east 30 liters (1.00 &% of sampie
g83 is recommended: however, smaller .vol-
umes may be coilectad. if desired.

3.2.4 Obdbwain one
sampls during each poliutant emission rate
‘detzrmination. Within 8 hours after the
sample is taken, analyze it for percent CO.
and percent O, using either sn Orsat analys-
er or a Fyrita-type combustion gas analyzer.
If an Orsat analyzer i3 used. it is recom-
mended that the Orsat leak-check described
in Section 3 be performed before this deter-
mination: howsvef, the check is oprional.

integrated flue gua v

Determine the percentage of the gas that &
N, and CO by subtracting the sum of the
percent CO,. and percent O, irom 100 per-
cent. Calcuis.? the dry molecular weight as
indicated in Section 3.3.

3.2.5 Repest the analysis and calcuistion
procedures until the individusl dry molecu-
lar weights for any three anslyses dilfer
{rom their mean by no more than 0.3 g/¢-
mole (0.3 1b/Ib-mole). Avr-age these thlee
molecular we:ghts, and report the results to
the rearest 0.1 g/g-mole (0.1 1b/19>-moie).

3.3 Mui-Pownt. Integrated Sampling and
Analytical Procedure.

3.3.1 Unless otherwise specified by the
Admunistrator. s minimum of eight traverse
pounts shall be used f[or crcular stacks
having diameters less than 0.61 m (2¢ (n.), &
minimum of nune shall be used for rectangu-
a2 stacks having equwslent diameters lems
than 0.81 m (24 in.), and & mgumum of
tweive traverse potnts shall be used for all
other cases. The traverse pointa shall be lo-
cated according to Method 1. The use of
fewer points B subject o approval of the
Administrator.

3.3.2 Feollow the procedures outlined in
sec.ions 3.2.2 throught 3.2.5, excent {or the
following: traverse all sampiing points and
sample at esch point for an equal length of
tizne. Record sampling data as shown in
Figure 3-3.

4. Imisnon Rate Corvection
Lxcess Air Detarminaiion

Nore A Pyrite-type combustion gas sas.
iyzer i3 not scceptadle {or excess air or emise
sion rate correction factor determination,
unjess spproved by ihe Admintstrator. If
voth percent CO, and percent O, are mess
ured, the analytical results of any of the
three procedures given delow may alss de
used for calculating the dry molecular
weight.

Eash of the three procedures betow shall
de used only when specified in an applicadle
subpart of the standaras. The use of these
procedures {or other purposes must have
specific prior approval of the Administrator.

4.1 Single-Point. Gred Sampling and An-
alytical Procedure.

4.1.1 The sampling point ia the duct
shall sither be at the centroid of the cross-
section of at & point no claser to the walls
than 1.00 m (3.3 t), uniess otherwise speci-
fled by the Administrator.

4.1.2 Set up lhe cquipment as shown in
Mgure 3-1. making sure all connect'ons
shead of the analyzer are tight and leak.
‘free. Lesk-check the Orsat analyter acoords
ing to the procedure described in Section 3.
This lesk-check is mandstory.

Yactor ar
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4.1.3 Place the pobe in the stack, with
the tip of the probe positioned at the sam.
pling pownt: purge the samopling line. Draw a
sample Into the anaiyzer. For emistion "t
correction [sctor determunation. immediate
ly analyze the sample, as outilned in See-
tions 4.1.4 and 4.1.5, for percent CO. or per-
cent Q,. Il excess air & desured, proceed as
follows: (1) immediately analyze the sampis.
as in Sections 4.1.4 and 4.1.3. [or percent
CO. O and CO: (2) determune the percent.
age of the gas that s N, Dy subtracting the
sum of the percent CO,, percent Q.. and per-
cent CO from 100 percent: and (3) calculate
percent excess Alr a3 outlined in Section 8.2,

4.1.4 To insure compiete sbsorption of
the CO. O, or if appiicable, CO. make re-
peated passes through esch adsorbing solu-
tion until two consecutive readings are “he
same. Several passes (three or four) she
be made Detween readingy. (If consent
readings cannot be obtained alter three con-
secutive readings, replace the abeording so-
lution.)

4.1.5 After the analysis is completed,
lesk-check (mandstory) the Orsat analyzer
once again. a8 described ia Section 5. For
the results of the analysis to de valid, the
Orsst analyzer must pass this leak tast
before and alter the analysis.

Note Since this single-point, grab sam-
pilng and analytical procedure (n normally
conducted !n conjunction with s single-
potnt, grab sampling and anaiytical proce-

dure for s pollutant, only one analysis is or- -

dinarily conducted. The;efore, grest care
must be taken to obtain a valid sampile and
snalysis. Although in most cases only COy
or O, I8 required. it i3 recommended that
doth CO, and O. be messured. and that Sec-
tion 4.4 Da used U9 validase the analyticsl

data,
Sampitng

4.2 Single-Point, Integrsted
and Analyticsl Procedure.

421 ‘The saumpling point in the duct
shail be locatad as specified in Section 4.1.1.

4.2.2 Lesk<check (mandatory) the fiexi.
bie bag a8 in Section 2.2.0. Set up the equip-
ment as shown in Flgure 3-2 Just prior to
sampling, leak-check (mandatory) the train
by placing & vacuum gauge ag the condenser
injet. pulling a vacuum of a lesat 250 s Hg
(10 in. Hg). plugging ihie outlet at the quick
disconnect, and then turmng off the pump.
The vacuum shall remain scable for st least
0.3 minute. Evacuate the fNlexidble bag. Con-
nect the prode and place it in the stack,
with the Up of the prode posstioned at the
sampling point; purge the sampling line.
Next, connect the bag and make sure that
all connections are tight ana leak free.

4.23 Sample st & constant rate. or
pecified by the Administrator. The sam-
pling run must be simuitaneous witt and
{or the same total lengh of time as, the pol-
lutant emissiyn rate determunation. Collect
at least 30 liters (1.00 {t" of samble gas.
Smaller volumes may be collected, subject
to spproval of the Administrator.

4.24 Obtain one integrsted flue gas
sample during each pollutant emission rate
determination. For emission rate correction
factor determination, analyze the sample
within 4 hours after it is taken for percent
CO, or percent O, (as outlined in Sections
4.2.3 through 4.2.7). The Orsat analyzer
must be leakcheck (see Section $) defore
the analysia. 1f excess air i3 desired, proceed
as follows (1) within 4 hours after the
sample s taken, unalyze it (aa [n Sections
4.2.5 through 4.2.7) for percent CO,, O.. and
CG: (2) determuine tha percentage of the sas
that is N, by subtracting the sum of the per-
cent CO. percent O, and percent CO from
100 percent; (3. calculate Dercent excens air,
a8 outlined in Section ¢.2,

e
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MrTOs 10—DrrzuaraTion of Casont
Moroxme Iiussions FroM STATIONAXY
Somcs

1. Panciple end Applicad Uity
1.1 Prnmple An integrats § or continuows
gas sampie s sxtracted (rom & sampling
point and awaiyred for crrbon monoxide
(CO) content using & Luft-type nondisper-
sive infrared analyzer (NDIR) or equivalent.
1.2 Appiscadulity. This method is applica-
ble for the determination of carbon motox-
{de esussicns from stationary sources only
when specified Dy the test procedures for
determining compliance with new source
performance standards, The test procedure
#  will indicate whether a continuous or an
tegrated sampie is 10 be used,
2. Range and sensitivity,
.3.1 Range. 0 t0 1,000 ppm.
2.2 Sewsitivity. Minimum detectable cop-
centration 18 20 ppm for a O to 1.000 ppm
‘ SpAD.

i I Y
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3. Inlerferences. Ay substance mawing s
strong absorption of infrared energy nu
interfere to some extent, For example, dis
crimination ratios for water (H.O) and
carbon dioxide (COy) are 33 peroani HO
per 7 pom CO and 10 percent CO. Der 10
ppm CO, respectively, for devices messuring
in the 1.509 to 3,000 ppm range. For devices
measuring o the ¢ t0 100 ppm range, (nter-
ference ratios can be &8 high as 3.3 percent
H.O per 28 ppm CO and 10 percent CO, per
80 ppm CO. The wae of allica gel and ascar-
{te traps will alleviate the major interfer.
ence prodlems. The messured gea volume

must de correctad i these traps are used,

4. Preciston and cccuracy.

4.1 Prectsion. The precizion of m st NDIR
aDAIysSers is approximatsly =3 percent of
an.

4.2 Arcuracy. The accuracy of most NDIR
analyzers is approximately =5 peroent aof
pan after calibration.

S. Agperatus

8.3 Continuons sampis (Figure 10-1).
8.1.1 Probe Btainless steal or shesthed
Pyrex' glam, equipped with a f{liter t

S ke gy - Sl >

Teangmitted Light Pulse| P

6—-‘: Loser

| Narrpw Sarvg Optsas Frtvar

|
Backseatter Return Signad |

Vigon Sugng

1979

8.1.23 dircooled condenser or eguiveient
TO remmove any €XOMS DMOSre.

§.2 Integrated sample (Figure 10-2),

$21 Prode Stainiess steel or ahosthed
Pyrex glass. equidped with a f{lter to
remove particulate mattar

8.2.3 Atrcocied denser or sguivelent
To remove any exoMs Molsture.

$.2.3 Valpe Needie valve, or equivalent, to
to sdiust flow rata.

"8.2.¢ Pump Leak-tres diaphragm type, of

equivaiant, to transport CaL.-

5.23 Rale metsr. Rotameter, or equive-
jent, to measure s {low range {rom 0 0 1.0
Liter per min. (0.038 cfm),

3.2.8 Flectdle dao. Tedlar, or equivalent,
with a capecity of 60 to 90 liters (2 to 3 {t%).
Leak-test the bag in the labormiory belore
using by svaruating bag with s pump fol-
s -

1Mention of trade names or specific prod-
ucts does DOt constitute endorsement by the
Environmental Protection Agency.
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owed by & dry gas eler. When evacustion
s complets, there should be no [flow
hrough the maeter.

3.2.7 Puot (ubs TYDe 8. or equivalent, at-

1ack gas velocity when velocity is varying
rith lhe time or a sample traverse is con-
lucted,

5.3 Anslpris (Pigure 10-3).

5.3.1 Cardon monaoride analyrer. Nondis-
rersive inirared eter, or equivalent.
his tnstrument should be demunistrsted,
sreferably by the manufacturer, 1o meel or
1xcoed mapufacturers ipecificstions and
Jiose described in this method

532 Drying (ude To ocontain approxi-
nataly 200 ¢ of atioa yel.

. ::33 Caltdration ges. Rejer L0 Darsgradh
334 Nler. As recommended by NDIR
nanuiacturer.

Pass Wil, SORNNG SN SRS,

313 OO, removal tubs. Te contaln ap-
aroxirnately 500 g of ascarite.
53.8 /cc waler dath. Por ascarits and silica

gel tubes,

5.3.7 Valwe. Neadie valve. or equivalent. to
adjust flow rate

3.3.8 Rair mater. Rotameter or equivalent
15 measure gas flow rate of 0 o 1.0 liter per
rin. (0.038 ctm) through NDITW.

5.3.9 Recorder (optional). To provide per
manent record of NDIR 1aadings.

4. Jeapents
. 6.1 Ca!‘dbration osses. Known canoentrs.
tion of CO in nitrogen (N,) for instrument
span, prepurified grade of N, for sero, and
two additional concentrations corresponding
approximaiely to 60 peroent and 30 percent
span. Tone span concentration shall not
eaceed 1.5 times the applicabls soures per-
formance standard. The senes
shall be curtified by the manufacturer to be
within =2 peromnt ¢{ the specified conowm-
wation,

TASLE 10=1-=F1ELD DATA

gul Indicating type, & to 16
at 178° C(MT P for 2 hows,
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B. Definitions o/ Performance Specifics.
{lona,

Renpe=The mintmum and maximum
measurement limits

Output--Dectrical signal which i3 propor.
tional tn the mensurement: int:nded for
connection (o rerdout or dats prov el de-
vices Usually expressed as m'llivoits or mil-
Lamps full scale at a given impedance.

Full seale—The maxunum measuring limit
for a ~iven range.

Minimum  detectable sensitivity=The
Jamaliest amount of input consentration that
can bDe detected as the concentration ap-
proaches sero.

Accurecy—The degres of ngreement Le
tween a messured value and the true 7alue;
usually expressed a5 = percent of full acale.

Time to 90 percent response—The time in-
terval from a step change tn the input con-
centration st the instrument (niet t0 & read.
ing of 90 perveat of the 'uUtimats recorded
concentration.

Rise Time (30 percent)=—The Interval de-
tween initial response time and time to 90
percent h.4porise after a stap increase in the
inlet concentration.

Fall Time (30 percent)-The interval ve-
tween initial response time and time 10 90
bercent response after a stap decrease in the
iniet coneentration,

Zero Drift~The change {n instrument
output over 1 stated time period, usually 24
hours, of unadjusted continuous operation
when the input concentration is sero; usual.
ly expressed as percent full scale.

Span Driftl-The change in instrument
output over a stated time period. usually 24
hours, of unadjustes continuous operation
when the ingut concentration (s A stated
;x:ﬁwc valus: usually expressed as percent

meAn output nil caused by input concentra.
tion changes.

Liusertty—=The maximum deviation be-
tween an sctual instrumant resding and the
readirg predictad by a straigat line drawn
'mmumuuhmaummm
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METHOD 4

METRO® 4= DITIRMINATION OF MOISTURS
Conrrer (R Stack Gasss

" 1. Smincipie and Appiicabrlity

1.1 Principle. A g3 sampie is extracted
at & constant rate {rom Llie source. mouture

is removed {rom the sample stream and des
termuned either voiumethncally or gravimet.
ricaily.

1.2 Applicabdility. This method is applica.
ble for determining the mosture content of
LAk ras.

Two orocedures are given. The first is a
reference method. {or accurate determina-
tions of mousture content (such as are
nNeeded t0 calculate emission data). The
second (s an approximation method, which
provides estumates of percent mousture to
ad in setting ivokinetic sampling ratas prior
10 a pollutant emission measurement run,
The approxunation metiod duscribed
herein is only a suggested approach: alter.
native means for approximaing the mois-
ture content, ¢.g.. arying tubes, wet buldb-dry
buld techniques. condensation techruques.
stoichiometrnic calculations, previous experi.
ence, ete.. are also acceptable.

The reference method (s often conducted
simultanecusly with a pollutant emimsion
messurement run: when it ia caleulation of
percent sokinetic. pollutant emission rate,
ete., for the run shall be based upon the re
sults of the reference method Or its equive-
lent; these calculations skall not e based
upon (e resuits of the appruximation
method. unless the approximation method
is shown, (o the satisfacton of the Adminis-
trator. US.  Environmental Protection
Agency. to De capable of yielding resuits
within 1 perment H,Q of ths refercnce
method '

Note The reference methcd may yleld
questionable resuits when appiled 10 satu-
rated gas streams or to streams that contain
water dropiets. There{ore, when these con-
ditions exist or wre suspected, a second de
termunation of the mousture content shall
de made simujtaneously with che referenne
method, as [ollowx Assume that the gas
stream is saturated. Attach a temperature
sensor (capadle of measunng to =1* C (3*
) 10 the reference method prooe, Measure
the stack gas temperature at each traverse
point (see Section 2.2.1) during the refer-
ence method traverse: ceiculate the aversge
stack gas temperature. Next, determine the
moiwsture percentage. either dy: (1) using &
psychrometric chart and making sppropri-
ate corrections If stack pressure is difierent
{from tnat of the chart, of (2) using satura.
tion vapor pressure tables. In cases where
the pyschrometric ¢hart or the saturation
vapor pressure tables are not applicabdle
(based on evsiuation of the process), alter-
nate methods, subject to the apgproval of the
Adminustracor, shail be used.

2. Reference Method

The procedure described in Method § for
determiming meisture content 5 acceplable
a8 & reference method,

2! Apparstus. A schemstic of the sam-
pling traun used in this reference method is
shown in PFigure 4-1. All components shall
be mantaned and calibrated w
the procedure outlined in Method 8.

RULES AND REGULATIONS/AUGUSTIS,

FULTIR

STACK
WAL
(EITHER N STACK ¢
0a OUT OF STACK)
, MO8t
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CONDENSER-ICE BATH SYSTEM INCLUDNG
SILICA GEL TueE -7

MAIN VAL VE

. AW-NQN.‘I
48 4
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2.1.1 Probe. The prode is cor-iructed of
staniess steel or glass tubing, sufficiently
heated to Drevent weter condensation. and
{s equipped with s {fltas, either in-stack
(e.g.. & Diug of ¢iamm wool inserted into the
end of the prode) or heated out-stack (e.g.
a8 descridid in Method 3), 10 temove par-
ticujar mattsr.

When stack conditions permit, other
metals or plastic tuding may be used for thy
probe, subject to the approval of the Admin-
intrator.

2.1.2 ZTondenser. The condenser consists
of four impingers connected in series with
ground glass, leak-{ree fittings or any simif.
lacly leak-(ree non-contaminacing fittings.
The {irst, third, acd fourth impingers shall
be of the Greenvusg-Smuth design, modified
by replacuig the tip with & 1.J centimeter
(% inch) ID giass tude extending to about
1.3 cm (W in.) {rom the Bottom of the flask
The second impinger shall be of the Green.
durg-Smith design with the standard tip.
Modifications (e.g. using flexible connee-
tions detween the impingers. using materi.
als other than glam orf using flexible
vacuum lines to connect the {iiter hoider to
the condenser) may be used. subjeet to the
approval of the Admunistrator.

The f{irst two imgingers shall contain
gnown lumes of water, the third shall be
empty, anC the f{ourth shall contaln s
tnown weight of 6- to i18-mesh indicating
type silica gel. or equivaient desiccant. If
the sillea gel hus deen previously used. dry
at 173" C(350° M for 2 hours. New silica gel
may bDe used as recetved. A thermometer, cs-
pable of measuring temperature to within 1°
C(2* ™. shall be placed at the outlet of the
fourth impingar, {or monitoring purposes.

Alternatively, any iystem may bde used
(subject to the approval of the Administra.
tor) that cools the sample gas stream and
aliows mensurement of both the water that
has beun condensed and the motsture leav.
ing the condsnser, each to within l mlor |
g. Acceptable means are to measure the con-
densed water, either gravimetrically or volu-
metrically, and to measure the moisture
leaving the condenser dby: (1) monitoring the
temperature and pressure at the exit of the
condenser and using Dalton's law of partial
pressures., or (2) passing the sampie gas
stream cthrough a tared silics gel (or equive-
lent desiccant) trap, with exit gases kept
below 20° C (68° P), ana determining the
weight gain.

If means other than silica gel are used to
determine the amount of moisture leaving
the condenser. it is recommended that silics
gel (or equivalent) still be used between the
condenser system and pump. to prevent
moisture condensation in the pump and me-
tering devices and to avoid the need L0 make
corrections (of moisture in the metered
volume.

EPA STATIONARY SOURCE SAMPLING METHOOS
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2.1.3 Cooling System. An ice bath con-
wner and crushied ice (or equivaient) are
od to wd ta condensing raousture.

2.1.4 Metenng System. This system in.
udes a vacuum gauge. leak.free pump,
iermometers capable of messuring temper:
ure to mithin 3° C (5.4° P, dry gas metar
.pable of messuring volume o wthun 2
weent, and reiated equipment as shown 1n
igure -1, Other metening systems., capable
' mawntang a constant sampiing rste and
itermining sample gas volume, may be
ted, subject Lo the approval of the Admin.
trator.

2.1.5 Barometer. Mercury, aneroid. or
her barometer capable of measuring at-
ospheric pressure to within 2.3 mm Hg
.l in. Hg) may be used. In many cases, the
rometric reading may dbe obtained from a
‘ardy national westher service station, in
nich case the station value (which 3 the
wolute barometric pressure) shall be re-
lested and an sdjustment {or elevation dif-
Tences between the westher station and
e sampling potint sinall de spplied at & rate
' minus 2.3 mun Hg (0.1 in. Hg) per 10 m
00 ft) elevation wicrense or vice versa lor
evation decreass.

2.1.8 Gradusated Cylinder and/or Bal.
ice. These items are used L0 measure con-
:nsed water and moisture caught in the
lica gei to within | mi or 0.3 ¢. Graduated
'linders shall have subdiviaions no greater
an 2 mi Most laboratory balances are ca-
idle of weighing 0 the nearest 0.3 g or
5. These bDalanccs are suitable (or use

2.2 Procedure. The foljowing procedure
{s written for s condenser .ystem (such s
the \mpinger system descrided in Section
2.1.2) incorvorating volumetric analysts to
measure the condensed mouture. and suica
Zel and gravimetnic analysis (o measure the
moisture ieaving the condenser.

2.2.] Unless utherwise specified dy the
Administrator. a muumum of eight traverse
po:nts shall be used {or cireular stacks
having diameters less than 0.6l m (24 nn.). &
minimum of nine pownts shall be used for
rectangular stacks having equitalent diame-
ters less thaa 0.61 m (24 in), and a muni-
mum of tweive traverse potnts shall be used
in all other cases. The treverse pownts shall
be located according to Method L. The wse
of {ewer cOINL i3 subject Lo the approval of
the Adminutrator. 3elect & suitabie prode
and prode length such that all traverse
points can be sampiled. Consider sampiirg
{rom opposite sides of the stack (four total
sampling portws) for large stacks, Lo Dermit
use of shorter probe lengths. Mark the
probe with hest rer'stant tags or by some
other method to denate the proper distance
into the stack or duct for each sampiing
potnt. Place known volumes of water in the
first two impingers. Weigh and record the

weight of the silica gel to the nearest 0.3 g,
ang transfer the siliea gol Lo the fourth im-
pinger: alternatively, the silica gel may first
be trans{erred to the mpinger, and the
we:gnt of the silica gei plus \mpunger record.
»d.

3.2.3 Select & otal sampling time such
that & minunum total tas volume of 0.60
scra (21 scf) will bde collected. ot 2 rate no
greater than 9.021 m/raun (0.7$ cfm). When
both mouture content and poliutant emus-
310N T8 AR L0 De determuned, the mouture
determunat.on sktall be sunultanecus wth,
and for the same total length of time as, the
poilutant emission rate nul. uniess other-
wige specuflied v an applicable subpart of
the standards.

2.2 Set up the sampling train as shown
1 Figure ¢-1. Turn on the probe heater and
(if applicabiel the (liter hesting system .o
termnperatures of about 120° C (248° M), wo
orevent waler condernsation ahesd of the
condaraer: allow tune (or the temperatures
0 stabulise. Place crushed ice in the ice bath
contaner. It s recommended. but not re-
Quired, that & leak check De done. as follows:
Disconnect the probe (rom the first imping.
er or (U spplicable) {rom the flter holder.
Plug the inlet to the first Unpinger (or Iliter
hoider) and oull & 380 mm (13 in) Hg
vacuuzR: 3 lower vacuumm may de used. pro-
vided that it 15 not exceeded during the test.

12.¢ During the sampling run. maintain
& sampling rz.8 within 10 percemt of con.
stant raie. oF as specified dy the Admints.

s, record the data re-

FIGURE 4-2-=FHLD MOISTURE DETENMINATION REFERMENCE METHOO
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quired on the example data sheet shown mA

Figure 2. Be sure to record the dry Jas
Teter reading at the beginning and end of
:ach samplug Ume increment and when-
ever sampiing is haited. Take other appro-
priate readings at esch sampie point, at
least once dunng each time \ncrement.

2.25 To benin sampling, position the
probe tip at the {irst traverse pownt. Imme.
diately start the pump and adjust the flow
to the desired rate. Traverse the cress soc-
tion, samping at esch traverse pownt {or an
equal length of time. Add more ice and. if
n( “eSSAry. salt {0 maintain & temperature of
less 30° C (88° ™) at the siiics gel outlet.

2.2.8 After collecting the sampie, discon-
nect the prodbe from the flter holder (or
Tom the {irst impinger) and conduct a leak
check (mandsatory) as described in Section
2.2.3. Record the leak rate. If the leakage
Tate exceeds the allowable rate, the tester
shall either reject the test resuits or shall
correct the sampile volume a8 in Section 6.3
of Method 3. Next, measure the volume of
the mouture condensed to the nearest mi,
Determune the increase in weight of the
silica gel (or silica gel nlus unpinger) to the
nearest 9.5 g. Record this information (see
example data sheet, Figure 4-3) and caicu-
7 ¢ Lhe mowsture percentage, as descrided in
2.3 delow.

2.27 A quality control cheek of the
volume metering system at the fleld site 3
suggested before collecting the sample fol-
lowung the procedure in Method 3, Section
4.4

2.3 Caleulations. Carry out the following
calculations, retaining at least one extra
dectmsl {igure beyond that of the acquired
data. Round off figures after {inal calcula-
tien.

FIGURE 4=3—=ARALYTICAL DATA-« PEFERENCE

METHCD
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2.3.1 Nomenciature.

B o= Proportion of water vapor, by velume,
in the gas stream.

M o= Molecular weight of water, 15.0 g/¢°
moie (18.0 {b/Id-mole).

PaaAtsolute pressure (for this method,
same as barometric nressure; at the dry
£as meter, mns He (o He).

PusmStandard absolute pressure, 760 mm
Hg (29.92 in. He).

Raldxal gas constant. 0.06236 (mm Hg)
(m9/(g-moler (‘K) for metrie units and
21.88 (in. Hg) (t?/(1b-mole) (‘R) for
English units.

r.-;boluu ‘empersture at meter, ‘X
CR).

Tw=Standard absoiute temperature, 293
K (528°R).

VxuDry gas volume measured by d&ry gad
meter. dem (def).

AV e=lincremental dry gas voiume massured
By 4ry gas meter AL each traverse point,
dem (aet).

¥ ean=Dry gas volume measured by the dry
s38 meter, corrected to standard condi-
tions, dacm (dset).

V wan= Volume of water vapor condensed
m‘g’wad to standard conditions, sem
(sef).

V awenri @ Volume of water vapor collected tn
silica gel corrected (0 standard condi-
tions, scm (scf).

V.= Final volume of ~ondenser water. mi.

V.=Initial volume, { any, of condenser
water. mi

W =Final weight of silies gel or silica gel
plus impinger. g.

W, =Initial weight of silica gel or silica gel
plus implager. §.

Y «Dry gas meter calibration factar.

ae=Density of water, 0.9982 g/mi (0.002201
ibsmi)
2.3.2 Volume of water vapor .ondensed.

(Vy = ¥iiowi T
Verwanr »
Prcaivle
- K(V~V)
Equation 4=1

where:

X, =0.001333 mi/ml for metne units
»0.04707 ft¥/mi for Eaglish units

2.3.3 Yolume of water vapor collectad in
silica gel.

(W< WA T
Viewpunitt 0 <dvssalsmipiismismiportriten
LY
- KW )

Equatien 42

whers

K ,=0.001338 m’/g for metric units
=0.04715 [t/ tor English units

2.3.4 3ampie gas volume.

{PalTue)
Vospne Vof
{PralTa)
Valu
- A7 wim—
Te

Equation 43
where:

K,=0.3858 ‘X/mm Hg for metric units
=17.84 "%/in. Hg for English units

No.x If the post-test lead rste (Section
2.2.8) exceeds the allowable rats, correct the
value of Ve in Equation 4-3, as described i
Section 4.3 of Method S.

2.3.3 Moisture Content.

Ver vt Yens s

Bua

Veir wns) = Veug ot + Vo wats

Equation 44

Norr In saturated or moisture droviet-
laden gas streumns, two calculations of the
moisture content of the stack Ias shall be
made. one using a value based upon :he
saturated conditions (see Section 1.2), and

another based upon the resuils of the 'm.
pinger analysis. The lower of these two
values of J« ~hall be considered correet.
2.1.6 Venflcation of constant sampling
rate. For each time increment. determine
the 3 Ve. Calculate the aversge. [f the value

{or any time wncrement differs {rom the av-
erage Dy more than 10 percent, reject the
results and repest the run.

3. Apzronimation Method

The approxumation method descnbed
below i3 precented only as & sujgested
method (see Sect on 1.2).

3.1 Apparat:s.

3.1.1 Prove. .i.alniess stee!l glass tudbing,
suiflciently heaied 10 prevent water conden-
sation and equipped with a {liter (either in-
stack or heated cut-stack) Lo remove partic-
ul: te matter. A piug of glass wool, inserted
into the end of tie prode, is & satisfactory
filter.

1.1.2 Impingers. Two midget (mpingers,
each with J0 m! capacity, or equivalent.

3.1.3 lce Bath. Container and ice. to xid
in condensing moisture N impungers.

3.1.4 Drying Tube. Tube packed with
new or recensrated 8- to 16-mesh indicating-
type silica gel (or equivalent desiccant), to
dry the sampie gas and to protect the meter
and pump. :

3.1.5 Valve. Needle valve. to regulsts the
sample gas (low rate.

3.1.3 Pump. Lesk-free, disphragm tyde.
or equivaient. to pull the gas sampls
through the tain,

3.1.7 Volume Meter. Dry gas meter, susfl-
ciently socurate t9 measure the sample
volume within 2%, aud calibrated over the
range of {low ratzs and conditions actually
sncounternd during sampling.

3.1.8 Rate Meter. Rotameter. to messure
the flow range frem 0 to 3 lpm (0 t0 .11
cfmm).

3.1.9 Graduated Criinder. 28 mi.

3.1.10 Baromster. Mercury, aneroid. or
other barometer. as described la Section
2.1.3 above.

3.1.13 Vacuum Gauge. At least 760 mm
Hg (30 \n. Hg) gauge. to de used for the sam-

3.2.1 Place exactly $ mi distilled water in
each impinger.

Leak check tha sampling ttain as follows:
Temporarily lnsert & Yacuum gauge st or
near the prode inlet: then, plug the probe
iniet and pull & vacuum of at least 250 mm
Hg (10 in. Hg). Note, the time rate of
change of the dry gas meter disl alterna-
tively, & rotameter (0-40 cc/min) may te
temporarily attached to the dry gas metar
outlet 1o determine the leakage rate. A lesk
rate not (n excesa of 2 percent of the aver.
age sampiing rate is acceptable.

Norx: Carefully relesse the probe inlet
plug before turning off the pump.

EPA STATIONARY SOURCE SAMPLING METHODS
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Figure 4-4. Moisture-sampling train - approximation method.
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3.22 Coanect the probde, insert it into the
stack, ang samnple at & cecastant rate of 2
lpm (0.071 ofm). Continue sampling until
the dry gas meter registers about 30 liters
(L1 ft9 or until visible liquid droplets are
carried over from the first Impinger to the
second. Record tempersture, pressure. and
dry sas metar resdings as required dy
Figure ¢-8,

3.2 After collecting the sampie. com.
bine the coatents of the two impingers and
messure the volume o the nearest 0.5 ml

3.0 Calculations. The calcuiation mathod
presentad is designed to estimats the mols-
ture in the stack gas: therefors. other data,
which are only necessary {or accurate mots
ture determinationa, are a0t collected. The
{ollowing equatiors adequataly estimate the
moisture content, fur the purpose of deter-
minng isokinetic sampling rate settings.

33.1 Nomencisture.

Buu = Approximata proportion. dy volume.
of watar vapor in the gas stream leaving
the ssoond img nger, 0.028,

B s Water vapor (n the gas stream. propor
ton by volume.

Mo =Molecular weight of watse, 18.0 g/g-
mole (18.0 1b/1b-maole).

P, = Absolute pressure (for this method,
SAME g Darometne pressure) at the dry
L8 qieter.

Py=Standard sbsoluts pressure. 760 mm
Hg (29.92 In. He).

Ra=ldesl gas constani. 0.06238 (mm Hg
(m”/(g-mote) ("K) for metrie unita and
21.38 (in. Hg) (It%)/10-mole) (°R) for Eng-
lish unita

Te = Absolute temperature at meter. “X ¢ R,

Twe « Standard absolute tempersture, 293° K
‘528° R).

V.= Final volume of impinger contents, mi.

V «Initial volume of :mpinger ontents M.

Vo= Dry gas volume measured dy dry gas
meter. dem (def).

Veun = DIy gas volume measured by dry gas
meter, corrected to swandard conditions,
dacm (dsef).

VawnaVolume of waler vapor condensed,
correctad (0 standard conditions, scm
(scf).

seeDensity of water, 0.£982 ¢/ml (0.002201
b/min

Y « Dry ras meter calibration factor.

3.3.2 Volume of watsr vapur collectad.
where

(V7= V) BeMN Ty
[ ]
Plashls
- Ky{Vr= W)
Equation 4-8

K,«0.001333 m'/ml for metric unita
«0.04707 f1*/mi {or English units.
3133 Gas volume.

V=i (72) (72)
. Vel
-k T
Iquation 4=
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where
Xo=0.3338 ‘X /ram Hg for metric unit
=17.64 “R/In. Hg for English units
104 Approximatle moisture conte:

V.,
B'.“ -'*' i .(l‘"+ U.-
V., (
-b L4 - ‘ -u-‘l+
Equatic
4. Calidration

4.1 Por the reference method, ca
quipeaent aa specifiea in the followt
tions of Method S: Section 3.3 (rm
system);. Section 5.3 (temperature g
and Sectica 3.7 (barometer). The
mended leak check of thie metering :
(Section 5.6 of Method $) also appiies
reference method. Por the approxi:
methor, use the prucedures outlined !
tion 3...1 of Method ¢ to callbrace tt
tertng system. and the procedure of »
3. Section 4.7 to calibrate the baromet
3. Bidltography

L. Alr Poliution Engineerng »
(Second Edition). Danielsoc. J. A. (ed
Envircamental Protection Agency, Of
Alr Quality Manning and Standard
searehr Triangie Purk, N.C. Dublicatic

AP-40. 1973,

2. Devorkin. Howarc. et al. Alr Pol
Ssurce Testing Manual. Alr Pollutior
trel District, Los Angeles, Calll. MNow

3. Methoda for Determination of Ve
Volume Dust and Mist Content of
Western Precipitation Division of Joy
afscturing Co. Los Angeles, Calif. Bu
WP-30. 19¢0.
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o SECTION 13
" SPECIALIZED SAMPLING TECHNIQUES

13.0 GENERAL

This section discusses several specialtzed sampiing techniques that have been used by contractors on
hazardous waste sites. The reader may develop other techniques for spectfic site needs. In those cases
and In cases where the techniques listed here are modified for use on a specific site, careful documentation
of the exact procedures used should be provided. This section doss not discuss analytical techniques,
since snalytical methods would vary depending on the data quaiy objectives, the compounds of concem,
the media, and the exact sampiing technique. The Contract Laboratory Program plans to issue a “Fleid
Methodology Catalog” in the summer of 1967 t.at wil contain fleid analytical techniques sultable for
analyses of the samples collected by using the techniques in this section.

it Shiiin Sud 4.

13.1 WIPE SAMPLING

13.1.1 Scope and Purpose

[

Y. ¥ 9% BTN P I

This quideline discusses the staps required for obtaining a wipe sample. Wipe samples may be used
to document the presence of carcinogenic substances or other toxic materials. in addition, wipe sampling
Is commonly used to ascertain that sts or equipmert decontamination has been acceptably effective.

RITIO

13.12 Cefinitions

She Manager (SM)
The Indiviiual responsible for the successful completion of a work assignment within budget
and schedule. This person is also referred to as the Ske Project Manager or the Project
Manager and is typically a contractor's employee (see Subsection 1.1).
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13.1.3 Appiicability
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This guideline Is appficable when a sample of the substances o1 a surface is nesded. Surfaces may in-
lixie walls, floors, cefings, desk tops, equipment, or other large objects that are potentially contaminated.
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15.1.1 Responsibiitties

The 5M or designees is rezponsible for deciding when wioe sampiing s nesded.




Fleld personnel are responsible for performing the actual sampling, maintaining sample integrity, and
preparing the proper chain-of-custody forms. :

13.1.5 Records

Records of wipe sampling include completed chain-of-custody forms and appropriate entries in the
field logbook. If the sample collected Is to be analyzed using the National Contract Laboratory Program
(CLP), then CLP forms must be completed as discussed in Section £,

13.1.8 Procedurés

Wips sampling can be an integral part of the cverall sampling program. Wipe sampling can help to
provide a picture of contaminants that axist on the surface of drums, tanks, equipment, or buildings on a
hazardous waste site or that exist In the homes of a populace at risk.

Wipe sampling consists of rubbing a moistened fliter paper over a measured area of 100 cm?to 1 m2.
The paper Is then sent 1o the laboratory for analysis. The results are related back to the known area of the
sample. A proper sampling procedure is essential to ensure a representative, uncontaminated sample.

13.1.6.1 Equipment Required

The following equipment Is needad for wips sampling:

o Whatrnan 541 filter paper or ecuivalent, 15 cm
¢ [Dispcsable, chemical-protect!/e gloves
o Solvent to wet filter paper

13.1.6.2 Wipe Sampling Steps

The steps involved in obtaining a wipe sample are listad below:

* Using a clsan, impervious disposable glove, such as a surgeon’s glove, remove a fiter paper m
the box. (Note: Although it is necessary to change the glove If it touches the surface being wiped,
a new glove should be used for each sample to avold cross contamination of samples. A new
glove should always be used when collecting a new sample.)

¢ Moisten the fiter with a collection medium selected to dissolve the contaminants of concem as
specified in the sampling plan. Typically, organic-fres water or the solvent used in analysis is used.
The filter should be wet but not dripping.

e Thoroughly wipe approximately 1 m? of the area with the moistoned fiter. Using a 1 m? stencl will

help in judging the stze of the wipe area. If a different size area Is wiped, record the change in the
fleld logbook. if tha surface Is not flat, be sure to wipe any crevices or depressions.
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*  Whthout allowing the fliter to contact any other surfacs, ‘oid t with the expased side In, and then
fold t over to form a 90-degree angle in the center of the flter.

¢ Place the fliter (angle first) Into & clsan giass jar, replace the top, seal the Jar according to quality
assurance raequirements, and send ths sampia to the appropriate laboratory.

¢ Prepare a blank bv inoistening a fiter with the collection medium. Place the blank In a separata |jar,
and submit It »:ith the other samples.

¢ Docurnent the sample collection In the feld logbook and on appropriate forms, and ship samples
ngr nrocodures lictart in Santian &

13.1.7 Reglon-Specific Varlances

No reglon-specific variances have been identfied; however, all future variances will be incorpomted In
subsequent revision to this compendium. Iniormation on variances may become datec rapidly. Thus,
usars should contact the regional EPA RPM for full detalls on current regional practices and requirements.

13.1.8 lnformaﬂon,Sourcqs

EBASCO. "Dioxin Sampt' "9." REM IIT Program Guidelines. Prepared for U.S. Environmental Protaction
Agency. 28 February 1986,

NUS Corporation. "Site-Specific She Operations Plans.” REM/FIT Contract.
13.2 HUMAN HABITATION SAMPLING

13.2.1 Scope and Purpose

This subsaction provides general guidance for the planning, method selection, and implementation of
sampling activities used to determine the potential for human exposurs to contaminants that are present in
residantial environment.

13.2.2 Deflnitions

Human Habitation Areas
Any place people may spend extended periods of time, such as their homes or offices.

13.2.3 Applicability

This subsection discusses sampling techniques that are simiar In coflection methodology to other
types of samples, such as environmental sof and water, but are biased t0 amphasize potential human ex-
posure 16 comaminans moving into the residantial environment,
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ALYSIS OF EXPLOSIVES IN SOIL, WIPE, AND RINSATE SAMPLES

SUMMARY

A. Analytes:

HMX Cctahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine

RDX Hexahydro~1,3,5~-trinitro~-s~triazine

NB Nitrobenzene

1,3-DNB 1,3-Dinitrobenzene

1,3,5-TNB 1,3,5=-Trinitrobenzene

2,4-DNT 2,4-Dinitrotoluene

2,6-DNT 2,6=-Dinitrotoluene

2,4,6-TNT 2,4,6=-Trinitrotoluene

Tetryl 2,4,5-Trinitrophenylmethylnitramine

B. Matrix: Extracts from soil, wipe, or rinsate samples.

C. General Method: Sample matrix is extracted with
acetonitrile. The extract is diluted with methanol and
water, and the resultant solution is injected onto the
HPLC for analysis.

D. This method is based on USATHAMA Method LW02,
Explosives in Soil.

SAFETY INFORMATION

Work in well ventilated areas. Wear adequate protectiva
clothing to avoid skin contact. Wash skin with soap and
water thoroughly immediately after contact.

TNB, HMX, RDX, Tetryl, and TNT3 are classified as Explo-
sives A by DOT. Avoid extreme temperatures and pressures.

APPARATUS AND CHEMICALS
A. Glassware/Hardware

1. Syringes: 10 uL, 50 uL, 100 uL, 1 mL syringe
(Hamilton 1005 TEFLL). '

2. Vials with teflon-lined caps or septa. Nominal
volume of 1.8 mL, 4.0 mL, and 12 mL.

3. B-D Glaspak disposable syringes, 5 mL, with
frosted tip.

4, 0.2 micron fluorocarbon filters.
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7.
8.

Micropipettes, 200 ul.
Hypo needles.
2 mL and 20 mL pipette.

Whatman #42 ashless 9 cm filter paper.

B. Instrumentation

1.

Perkin-Elmer Series 4 High Performance Liquid
Chromatograph (HPLC) equipped with a Peckin-Elmer
ISS100 Auto-Injector and Micromeritrics Model 786
UV/VIS wvariable wavelength detector. Hewlett-
Packard 3390 recording integrator in peak height
mode was used to record data output. Equivalent
instrumentation may be substituted.

Analytical Balance
Capable of weighing 0.01 gram tor sample

preparation and 0.1 mg for standard preparation.
Mettler AE 163 or equivalent.

Parameters
a. Columns:

1) DuPont ZorbaxR ODS 4.6 mm i.d. x 25
cm HPLC column with a particle size of
5 to 6 microns,

2) DuPont PermaphaseR 0ODS guard column
(optional).

b. Mobile Phase:
50% water
34% methanol
16% acetonitrile

c. Flow: 1.6 mL/min with a pressure of
approximately 2860 psig.

d. Detector: 250 nm

e. Injection Volume: 50 ul

C. Reagents and SARMs:

1.
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Acetonitrile, distilled in glass for HPLC use.




2. Methanol, distilled in glass for HPLC use.
3. Water, distilled in glass for HPLC use.

4, USATHAMA Standard Soil.

5. SARMs

HMX SARM No. 1217 (PA 1303)
v RDX SARM Nu. 1130 (PA 13502)
NB SARM No. (PA 1306)
1,3-DNB SARM No. 2250 (PA 1305)
1,3,5-TNB SARM No. 1154 (PA 1300)
N 2,4-DNT SARM No. 1147 (PA 1298)
2,6~-DNT SARM No. 1148 (PA 1299)
2,4,6-TNT SARM No. 1129 (PA 129%)
Tetryl SARM No. 1149 (PA 1301)

IV. CALIBRATION
A. Initial Calibration
1. Preparation of Standards

a. Stock calibration solutions containing
approximately 10,000 mg/L of a nitro-com-
pound are prepared by accurately weighing
ca. 50 mg of a SARM into a 5-mL serum bottle
and dissolving the nitro-compound in 5 mL of
acetonitrile pipetted into the bottle. All
stock solutions prepared in this manner and
stored in a freezer (09C to ~49C) have
remained stable for a period of 6 months.

b. Intermediate Calibration Standards: All
compounds appear to be stable for at least 3
months.

1) Intermediate Calibration 3tandard A
(high 1leveli): Combine the appropriate
volumes of 3stock calibration standard
as shown below. Dilute to 10 mL with
acetonitrile and seal with a teflon-
lined cap. Store in the dark at 4°cC.
The resulting solution will have the
concentrations indicated in the follow-
ing table.

1248E
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uL of Resulting

Stock Concentration
Nitro-compound Cal Std.. (ug/mb)
HMX 127 127
RDX 98 98
NB 42 42
1,3-DNB 59 59
1,3,5-TNB 209 209
2,4-DNT ' 42 42
2,6=DNT 40 40
2,4,6-TNT 192 192
Tetryl 500 500

2) Intermediate Calibration Standard B
{low level): 1:20 dilution of the
Intermediate Calibration Standard A is
made in acetonitrile. Seal with a
teflon-lined cap and store in the dark
at 49C. The resulting solution will
have the following concentrations:

Resulting cone,

Nitro-compound SN 41 (- V4 ) 1) B
HMX 12.7
RDX 9.80
NB 4.20
1,3-~-DNB 5.90
1,3,5-TNB 20.9
2,4-DNT 4.29
2,6-DNT 4.00
2,4,6-TNT 19.2
Tetryl 50.0

Working Calibration Standards: Using the
following table, prepare a series of nine
calibration standards. Place the mobile
phase into a l-mL serum vial. Inject the
indicated volumes of Intermediate Calibra-
tion Standard A or B into the acetonitrile
with a microliter syringe. Seal the vial
with a teflon-lined septum and cap. Mix

" well. These solutions are prepared fresh

daily and kept in the dark.




WORKING CALIBRATION STANDARDS

Intermediate Intermediate

Cal Sstd A Cal sta B Mobile Phase
Concentration (ul) (ulL) (ulL)
0x 0 0 1,000
0.5X - 6.25 994
1xX - 12.5 988
2X - 25 975
5X - 62.5 938
10X 12.5 - 988
20X 25 - 975
50X 62.5 - 938
100X 125 - 875

2. Daily Calibration

a. Set up the instrument according to Section
IV, Instrumental Analysis.

b. Analyze mobile phase as a biank to verify a
stable baseline.

c. Analyze the medium calibration standard
(10X) to verify peak separation and
retention times.

d. Analyze the calibration standards prepared
in Section IV-A-1l.

to
.

Analysis of Calibration Data

a. Tabulate the calibration standard
concen~ration versus the peak haight
response for each calibration standard.

b. Parform a linear regression analysis on the
calibration data plotting peak height vs.
concentration in ug/mL.

c. Use the 1liner regression to obtain analyte
concentration for sample response.

4, Calibration Checks

3. After completion of analyses of samples, a
calibration standard at the 10X concentra-
tion is Aanalyzed. The response must agree
within 25 percent with the daily calibration
10X standard.

1248E
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VI

b. No certified calibration check standards are
available for these ~ompounds.

SAMPLE HANDLING STORAGE FOR SOIL, WIPE, AND RINSATE SAMPLES

A, Sampling Procedure: The stability of explosives in
soil is not truly known. Precautions should be taken
to avoid prolonged exposure to light and heat.

B. Containers: Wide-mouth amber glass bottles with
teflon-lined lids.

C. Storage Conditions: Samples should be maintained at
40C from the time of collection to the time of
analysis. No chemical preservatives are necessary.

D. Holding Time Limits: 7 days to extraction; 40 days to
anaysis from the time of extraction.

E. Solution Verification: No certified check standards
are available.

PROCEDURE

A; Soil Analysis

1248E

1. Method

a. Accurately weigh 1 gm of s9il intc a S5-mL
serum vial and pipet 2 mL of acetonitrile
onto the soil.

b. Place a septum and cap on the vial and shake
the vial thoroughly by hand for 2 to 3
minutes.

c. The extract is then filterad using the
following technique. A 5-mL syringe is
fitted with a needle. After the extract is
drawn into the syringe barrel, a fluoro-
carbon 0.2 micron disposable filter is
attached in place of the needle. The sample
is then slowly forced through the filter
into a 4-mL teflon-capped vial and stored
until the extract is diluted and analyzed by
HPLC.

d. Preparation of sample extracts and spikes
for injection is performed the day of
analysis.




i. Using a disposatle micropipette,
accurately measure 200 ul. of filtered
extract into a 1-mL wvial. Accurately
measure 600 ul, of a 33 percent
methanol/67 percent water solution onto
the filtered sample. This will produce
800 ulL of extracted sample in mobile
phase.

ii. Place a septum cap on the vial. Shake
the vial well to thoroughly mix. Store
in the dark at 4°C until ready to
analyze.

2. Daily Quality Control

a. Perform a spike at 10X the detection limit
daily as follows.

i. Accurately weight approximately 1 gm of
USATHAMA standard soil into a S5-mL
serum vial.
ii. Spike with 100 ulL Standard A.
iii. Proceed as in VI-A-1l, above.
3. Instrumental Analysis
a. Proceed to Section viI, Instrumental
Analysis. The working range for soil samples
is listed below.

Calibration Range for Soil Analysis (1X - 100X)

HMX 1.27 - 127 ug
RDX 0.98 - 98.0 ug
NB 0.42 - 42.0 ug
1l,3-DNB 0.59 - 59.0 .ug
2,4-DNT 0.42 - 42.0 ug
2,6~-DNT 0.40 - 40.0 ug
2,4,6=-TNT 1.92 ~ 192 ug
Tetryl 5.00 - 500 ug

b. Samples with analyte concentration exceeding
the calibration range will require dilution
as necessary.

1248E
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B. Wipe Analysis

1. Method

a.

Add the filter to a 40-mL vial and pipet
20 mL acetonitrile into the vial.

Place a cap on the vial and shake the vial
thoroughly by hand for 2 to 3 minutes.

The extract is then filtered using the
following technique. A S5-mL syringe is
fitted with a needle. After the extract is
drawn into the syringe barrel, a flurocarbon
0.2 micron disposable filter is attached in
place of the needle. The sample is then
slowly forced through the filter into a 4-mL
teflon-capped vial and stored until the
extract is Jdilut=d and analyzed by HPLC. The
remaining extract is disposed as waste.

Preparation of sample extracts and spikes
for injection is performed the day of
analysis.

i, Using a disposable micropipette,
accurately measure 200 ul of filtered
extract into a 1l-mL wvial. Accurately
measure 600 uL of a 33 9percent
methanol/67 percent water solution onto
the filtered sample., This will produce
800 ulL of extracted sample in mobile
phase.

ii. Place a septum cap on the vial. Shake
the vial well to thoroughly mix. Store
in the dark at 4°C until ready to
analyze. ’

2. Daily Quality Control

a.

1248E

Perform a spike at 10X the detection 1limit
daily as follows.

i. Place 1710 of a filter paper into a
5-mL serum vial.

ii. Add 2 mL acetronitrile.
iii. Spike with 100 ul, Standard A.

iv. Proceed as in VI-B-1-b, above.
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3. Instrumental Analysis
a. Proceed to Section ViI, Instrumental
Analysis. The working range tfor wipe samples

is listed below.

Calibration Pange for Wipe Samples

.

HMX 12.7 - 1270 total ug/wipe

RDX 9.8 - 980 total ug/wipe :

NB 4.2 - 420 total ug/wipe i
1,3-DNB 5.9 - 530 total ug/wipe : i
1,3,5-TNB 20.9 -~ 2092 total ug/wipe v
2,4-DNT 4.2 - 420 total ug/wipe

2,6-DNT 4.0 - 400 total ug/wipe

2,4,6-TNT 19.2 - 1920 total ug/wipe

Taetryl %0.0 - 5000 total ug/wipe

b. Samples with analyte concentration exceeding
the calibration range will require dilation
as necessary.

C. Rinsate Analysis/
1. Method

a. Acetonitrile rinsate is collected from
equipment.

b. Measure volume of rinsate.

- c. The rinsate 1is then filtered wusing the
following technique. A S5-mL syringe |is
fitted with a needle. After the extract is
drawn into the syringe barrel, a £fluoro- ;
carbon 0.2 micron disposable filter is : c:*‘
attached in place of the needle. The sample .
is then slowly forced through the filter
into a 4-mL teflon-capped viazl and stored
until the extract is diluted aud analyzed by
HPLC. The remaining rinsate is disposed as
waste.

d. Preparation of sample extracts for injection
is performed the day of analysis.

i. Using a disposable micropipette, accu-
rately measure 200 uL of filtered
extract into a 1l-mL vial. Accurately
measure 600 uL of a 33 peccent
methanol/67 percent water solution onto
the filtered sample. This will produce
800 ulL of extracted sample in mobile
phase.




Shake

ii. Place a septum cap on the vial.
the vial well to thoroughly mix. Store

in the ‘dark at 49C wuntil ready to

analyze.
2. Daily Quality Control

a. Perform a spike a2t 10X the detection limit
daily as follows:

i. Add 2 mlL acetonitrile to a 5-mL serum

bottle.
ii. Spike with 100 ul, of Standard A.
iii. Proceef as in VI-C-l-c.

3. | Instrumental Analysis

Instrumental
for rinsate

a. Proceed to Section VI,
Analysis. The working range
samples is described below.

Calibration Range for Rinsate Samples

HMX 0.63% - 63.5 total mg/sample
RDX 0.49 - 49.0 total mg/sample
NB 0.21 - 21.0 total mg/sample
1,3-DNB 0.295 -~ 29.5 total mg/sample
1,3,5~-TNB . 1.05 - 105 total mg/sample
2,4~DNT 0.21 - 21.0 total mg/sample
2,6=DNT 0.20 - 20.0 total mg/sample
2,4,6~INT 0.96 -~ 96.0 total mg/sample
Tetryl 2.50 -~ 250 total mg/sample
b. Samples with analyte concentration exceeding

the calibration range will require dilation
as necessary.

VII. INSTRUMENTAL ANALYSIS

A. Set the chromatographic conditions as follows:

Time Flow Acetonitrile Methanol  Water
{(minutes) (mL/min.) (percent) (percent) (Percent)

Equilibrium 3 1.6 16 34 50

Analysis Run 15 1.6 16 34 50
B. Using the auto-injector manufacturer's recommended
procedure, introduce 50 the medium level
calibration standard into the chromatographic system.
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Check the chromatogram to ensure separation of the
nitrated toluenes and separation of the nitrobenzene
and tetryl. If necessary, adjust the water/methanol
ratio of the mobile phase until separate peaks are
distinguished. As the column ages, less methanol is
required. Generally, the column ages rapidly the first
24 hours, after which it is fairly stable.

C. Once good peak separation is obtained, introduce 50 ul
of each working calibration standard and sample into
the chromatographic system using the auto-injector
manufacturer's recommendsd procedure.

VIII. CALCULATIONS

A. Soil samples

1. The diluted extract concentration is read or

calculated from the instrument calibration curve.

BxD

2. Sample concentration (ug/g) =
AxC

extract conc (ug/mL) x4 x B
A
where:

1248E

A = sample weight (dry weight)
B = mL acetonitrile

B. Wipe Samples
Sample Concentration (total ug) =
extract conc (ug/mL) x 20 mL x 4
where:

20 mL =« total volume

4 = dilution in method
C. Rinse
Sémple concentration (total ug) =
extract conc (ug/mL) x V x 4
where: |

V « total volume
4 =« dilution in method
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This method is wused to qualitatively determine the
concentration of nitrocellulose {NC), nitroglycerine (NC),
and PETN in water samples.

Tested Conceptration Range - Response is linear from 5 to

100 mg/liter in water.

Sensitivity Limits -~ Response for 5 ug of compound is: NC
= 0.89, NG = 0.17, PETN « 0.15 absorbance units.

Detect; Limits -

Compound Hater (ug/L)
NC 9000
NG 5000
PETN 5000

Interfertences -~ Nitrite ion will interfere, NC, NG, and
PETN cannot be distinguished from each other.

Analysis Rate - Approximately 20 samples can be analyzed by

one worker in an eight hour Aday.

CHEMISTRY :

Nitricte ion is cleaved from the nitrate ester in basic
solution, which dJdiazotizes procaine, ian acidic solution,
which in turn couples with N, N-dimethyl-l-naphthylamine to
produce an azo-dye. This dye is determined from its
absorbance at 510 um.

C3N3N309 - Trinitrogiycerine; glyceryl trinitrate;
CAS RN-55~63-0 mp - 139C, decomposition pt e 145°C;

CshigNgO12 - Pentaerythritol tetranitrate Cas
RN-78-11-5 mp =~ 140°C; explosive decomposition pt.
2106C;

(CgN12N5016)x - nitrocellulose, soluble gun cotton,
CAS RN-9004-70-0 mp - decomposes on heating.

Handling Hazards: FExplosives hazard, avoid heat, shock or
open flame. Toxic inhalation and skin absorption hazards
exist. Do not handle NG except as a dilute solution.
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3. APPARATUS:

A. Ipstrumentation - Absorbance measurements are made at 510
nm on a Perkin Elmer Lambda 3 UV/UVS spectrometer equipped
with a super sipper.

B. Parameters ~ N/A
C. Hardwares/Glassware

0.1" 1"' and z-ntJ

1)
2) 13 x 100 nm glass test tubes
3) 10-mL volumetric flasks
4) 100-mL volumetric flasks
5) 1l-cm spectrometer call (glass)
6) water bath
7) hot plate
8) 25~ul graduated syringe
9) 8-ounce glass hottle
10) 2 dram glass vials
D. Chemicals
1) KOH, Analytical reagent grade
2) Glacial acetic acid, ACS grade
3) Acetone, ACS grade
4) N,N-dimethyl-l-naphthylamine
5) Procaine
E. Reagents
1) 10 percent KOH: Weigh 10.0 g of reagent grade
potassium hydroxide into a 100-mL volumetric flask and
dilute slowly with deionized water (nitrite free).
2) 20 percent KOH: Same as above except use 20.0 g of KOH.
3) 10 percent acetic acid: Pipette 10.0 mL of glacial
acetic acid into a 100-mL volumetric flask that is
partially filled with deionized water (nitrite free).
Dilute of volume with deionized water.
4) 50 percent acetic acid: Same as above except use 50 mL
of glacial acetic acid.
5) Color Developing Reagent: Weigh 0.35 g each of
" procaine and N,N-dimethyl-l-naphthylamine into a
100-mL volumetric flask and dilute to volume with S0
percent acetic acid-water,.
1248E




6) Working Solution 9f Color Reagent: Pipette 20 mJ), of
the color developing veagent into a 100-mL volumetric
flask. Dilute to volume with deionized water (nitrite

free).
4. STANDARDS
A. galibration Standards
1) Stock - Weigh 10.0 mc of NC, PETN, or 1 mL of a 1 per-
cent NC in acetone SARM into a 10.0-mL volumetric flask
and dilute to volume with acetone to obtain a 1 ug/ul
solution. This solution is refrigerated when not in
use.
2) Working - Prepare standard curve daily by adding 0.0,
2.5, 5, 10, 25, and 50 uL of 1 ug/ul stock solution,
in duplicate, into 13 mm by 100 mm test tubes, using a
25-ul syringe. Add 0.5 mL of deionized water to each
tube and mix thoroughly. This yields concentrations of
0, 5, 10, 20, 50, and 100 uy/mL.
B. GControl Spikes - For water samples spike as indicated for
the working standards.
5. PROCEDURE:
A. 'Preparatior - kefrigerate the samples
until ready for analysis. Prior to analvsis, filter thtough
a 0.45 micron Millipore filter and store te£t1gerated in a
2 dram glass vial.
B. Analysis of Samples
la) Water - Pipette 0.50 mL of water into a 13 x 100 mm
test tube and add 0.50 mL of 20 perceat potassium
hydroxide solution.
b) 8gji - 5 g of air-dried soil is shaken with & mL of
acetone. The acetone is separated by filtration
through a 0.45 u membrane filter (teflon). A 0.5-mL
portion of the acetone solution is mixed with 0.5 mL
of water and 0.5 mL of 20 percent potassium hydroxide
solution.
2) Mix sample well and placé in boiling water bath for 30
minutes.
3) Cool the sample; add 2.0 mL of 10 percent acetic acigd,
and mix.
4) Add 1.0 mL of color developing reagent working
solution and mix well.
1248E
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) Allow color to develop for 1.5 hours; transfer the
solution to a c¢iean, dry spectrophotometer cell and
read the absorbance at 510 nm.

6. CALCULATIONS:

Construct a calibration curve of absorbance vs.
concentration {ug/L) of the compound of interest (differing
response will be observed for NC, FETN, and NG). Determine
concentration of compound in samples by interpolating from
the calibration curve,

7. PREFERENCE:

None.
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AMMONIUM PICRA1E IN WATER AND WIPE SAMPLES
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY

1. Application

This method is suitable for the determination of ammonium
picrate in water and wipe samples. Ammonium picrate is
converted to picric acid and quantified in that form.

2., Summary of method

Ammonium picrate is extracted from water or wipe samples
with solvent. The extract is concentrated and subjected to high
performance liquid chromatcgraphy (HPLC) analysic using a
reverse phase column and a dual channel ultraviolet detector.

3. Interferences

Any compounds that exhibit chemical and/or physical
properties similar to the compounds of interest can interferec.

4. Arparatus
4.1 Concentrator . apparatus, a Kuderna-Danish (K-D)

concentrator, 500-mL capacity with a 3-ball Snyder column and a
10-mL graduated receiver tube and a 500-mL flask fitted with a
l1-ball Snyder column.

4.2 Erxlepnmever flask, 500-mL with 3 ground glass stopper.
4.3 Evaporative concentrator, Organomation N-Evap, or

equivalant.

4.4 Liquid chromatograph, Watecrs Associates AILC/GPC 204
liquid chromatograph equipped with a dual channel, variable
wavelength detector, a model 6000A solvent-deliveiy system, a
medel 669 solvent flow programmer, —model Wisp 710A
microprocessor and data module, or equivalents.

4.5 Liquid chromatographic column, a 3.9 mm i.d. by 300 mm
long stainless steel column packed with 10 um particle size
reverse phase material. Waters Associates u-Bonapak C;g
column packing or equivalent.

4.6 Separatory funnels, Squibb form, 1l«L capacity, or

equivalent.

4.7 Solvent clarification kit, Waters Associates 85113, or

equivalent.
1248E
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4.8 Shaker, a mechanical wrist action shaker.

4.9 Steam bath, a constant temperature steam bath set at
85°C.

5. Reagents
5.1 Acetopitrile, HPLC quality.
5.2 Hydrochloric acid, ACS reagent grade.

5.3 Mobile phase solutions: Prepare the ion pairing,
tetrabutylammonium-phosphate solutions for the mobile phase
using Waters Associates PIC Reagent A, or equivalent.

5.3.1 Solution A: Add one bottle of PIC reagent A to
1,000 mL of Milli-Q water. Stir for S5 min and then filter
thrcugh a 0.45-micron filter, type HAWP for aqueous solvents.

5.3.2 Solution B: Add one bottle of PIC reagant A to
1,000 mL acetonitrile. Stir for 5 min and then €ilter through a
0.45-micrcn fiter type FHUP for organic solvents.

5.4 Ricric acid standards, analytical reference grade our
highest purity available. These may he obtained from chemical
specialty suppliers or from military sources. Prepare standards
at concentrations sufficient to cover the analytical range.

5.5 Separatory funnels, Squibb form, 1l-L capacity, or

equivalent.

5.6 Solvents, acetone, diethylether, methylene chloride,
acetonitrile, pesticide residue quality, distilled in glass,
Burdick and Jackson, or equivalent.

5.7 Water, organic-free, HPLC-grade, or water from a
Millipore Milli-Q system or equivalent.

6. Procedure

6.1 Procedure for water (rinsate) samples: Samples should
be collected according to the recommended practice for the
collection of samples for organic analysis (Goerlitz and Brown,
1972). Mercuric chloride (40 ppm) is added as a preservative.

6.1.1 Pour 500 mL wzter into & 1-L separatory funnel.

6.1.2 Add 3 mL concentrated HCl1 to the sample
contained in the separatory funnel. Check pH to ensure acidity.
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6.1.3 Add 75 mL methylene chloride to the sample in
the separatory funnel. Stopper and shake for 1 minute. Vent the
pressure often. Allow the layers to separate and draw off the
methylene chloride layer into a 250-mL Erlenmeyer flask.

6.1.4 Repeat the extraction of the water sample two
more times, using 50-mlL methylene chloride volumes each time.
Combine all the organic extracts in the 250-mL Erlenmeyer,
which contains the first extract. :

6.1.5 Quantitatively transfer the extract to a 500-mL
K-D apparatus fitted with a 3<ball Snyder column and a 20-mL
receiver. Add a micro boiling chip and 4 mL of acetonitrile,

6.1.6 Place the appratus on a hot-water bath
(approximately B859C). Reduce the volume of the extract to
about 4 mL. Remove the K-D from the heat and allow it to cool.

6.1.7 Use the evaporative concentrator to reduce the
volume of solvent to 0.8 to 0.9 mL by directing a stream of
nitrogen onto the surface of the liquid while gently warming
the receiver in a water bath.

6.1.8 Perform one method blank and three sample
spikes at 40 ppb, 200 ppb, and 200 ppb with each batch of 20
samples.

6.1.9 Proceed to HPLC analysis (6.3).
6.2 Procedure for wipe samples
6.2.1 Add wipe sample to 40-mL vial.‘
6.2.2 Add 20 mL distilled water.
6.2.3 Shake 15 minutes using wrist-action shaker.
6.2.4 Decant water into 500-ml separatory funnel.

6.2.5 Repeat extraction twice, using 20 mL distilled
water each time.

6.2.6 Add 440 mL distilled water to separator funnel.

6.2.7 Perform one method blank and three sample
spikes of 20 ug, 100 ug, and 109 ug with each batch.

6.2.8 Proceed a3 in 6.1.2 under "Procedure for Water
{(Rinsate) Samples.”
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6.3 Analysis by high pressure liquid chromatography.

6.3.1 The following chromatographic conditions have
been found to be suitable fcr this analysis:

Mobile Phase: The separation is made under isocratic
conditions. Combine 36 percent solution A with 64 percent
solution B by using the solvent programmer,

Isocratic 36 percent acetonitrile + PIC reagent A +
PICA/64 percent H;0 + PIC ceagent A.

Flow Rate: 1.10 mL/min

Detect S itivity:

UV 254 nm 0.005 A units full scale

6.3.3 Daily calibration is performed over the

following range of concentrations using picric acid as the
standard material.

Corresponding Corresponding
Standard Ammonium Picrate Ammonium Picrate
Conzentration (ng/ul) in water (ug/L) in Wipe (total ug)
10 20 10
20 40 20
50 100 50
100 200 100
200 400 200
500 1000 500
1000 2000 1000

6.3.4 Add 0.1 mL of PIC reagent A to the samples, mix
and make up o a volume of 1.0 mL; allow samples to stand 10
minutes and inject 10 uL into the liquid chromatographic
system. Record the volume injected. Identify the peaks by
retention time. Dilute any extract containing an identifiable
component above the calibration range to bring it within that
range.

7. Caiculations

7.1 Determine sample concentration from daily calibration
curve using Least Squares Fit (LSF).
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7.2 Water sample concentration is calculated as follows:

ng/ul x EVx 1 ug _ SV = ug/L

1000 ng

where:

ng/ul = picric acid concentration in extract, from LSF.
EV = extract volume, in uL.
SV = sample volume, in Liters.

Note that picric acid concentration must be converted
to ammonium picrate concentration by using the retios of
molecular weights.

7 7.3 Wipe sample concentration (total ug) is caiculated as
follows:

ng/ul x EV x 1 ug e total ug
1000 ng
where:

ng/ul, » picric acid concentration in extract, from LSF.
EV = extract volume.

Note that picric acid concentration must be converted
to ammonium picrate concentration by using the ratios of
molecular weights.
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METHOD 0010
MODIFIED METHOD 5 SAMPLING TRAIN

1.0 SCOPE AND APPLICATION

1.1 This method {s applicable to the determination of Destruction and
Removal Efficiency (DRE) of semivolatile Principal Organfc Hazardous Compounds
(POHCs) from incineration systems (PHS, 1967). This method also may be used
to determine particulata emission rates from stationary sources as per EPA
Method 5 (see References at end of this method).

2.0 SUMMARY OF METHOD

2.1 Gaseous and partisulate pollutants are withdrawn from an emission

source at an fsokinetic sampling rate and are collected in a multicomponent

- sampling train. Principal components of the train include a high-efficiency
glass- or quartz-fiber filter and a packed bed of porous polymeric adsorbent

resin. The filter s used to collect organic-laden particulate materials and

the porous polymeric resin to adsordt semivolatile organic species. T
Semivolatile species are defined as compounds with boi1ing points >100°C.

2.2 Comprehensive chemical analyses of the collected sample are
conducted to determine the concentration and {dentity of the organic
materials.

3.0 INTERFERENCES

3.1 Oxides of nitrogen (NOx) are possible {nterferents in the
determination of certain water-soluble compounds such as dioxane, phenol, and
urethane; reaction of these compounds with NOy 1in the presence of moisture
will reduce their concentration. Other possigi1it1es that could result in
positive or negative bias are (1) stability of the compounds in methylene
chloride, (2) the formation of water-soluble organic salts on the resin in the
presence of moisture, and (3) the solvent extraction efficiency of water-
soluble compounds from aqueous media. Use of two or more fons per compound
for qualitative and quantitative analysis can overcome {nterference at one
mass. These concerns should be addressed on a compound-by-compound basis
before using this method.

4,0 APPARATUS AND MATERIALS
4 4.1 Sampling train:

4.1.1 A schematic of the sampling train used in this method is
shown in Figure 1. This sampling train configuration {s adapted from EPA
Method 5 procedures, and, as cuch, the majority of the required equipment
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complete organic module are not currently avaflable, but may be
assembled from commercifally available laboratory glassware and a
custom-fabricated sorbent trap. Details of two acceptable designs
are shown in Figures 2 and 3 (the thermocouple well is shown in
Figure 2).

4.1.3.8 Impinger train: To determine the stack-~gas moisture
content, four 300-mL Tmpingers, connected {n serfes with leak-free

ground-glass joints, follow the knockout trap. The first, third,
and fourth impingers shall be of the Greenburg-Smith design,
modified by replacing the tip with a 1.3-cm (1/2-in.) I.D. glass
tube extending about 1.3 cm (1/2 in.) from the bottom of the outer
cylinder. The second i{mpinger shall be of the Greenburg-Smith
design with the standard tip. The first and second impingers shall
contain known quantities of water or appropriate trapping solution.
The third shall be empty or charged with a caustic solution, should
the stack gas contafn hydrochloric acid (HC1). The fourth shall
contain a known weight of silica gel or equivalent desiccant.

4.1.3.9 Metering systenm: The necessary compbnents are a
vacuum gauge, Tleak-free pump, thermometers capable of measuring
temperature to within 3°C  (5.4°F), dry-gas meter capable of
measuring volume to within 1%, and related equipment, as shown in
Figure 1. At a minimum, the pump should be capable of 4 cfm free
flow, and the dry-gas meter should have a recording capacity of
0-999.9 cu ft with a resolution of 0.005 cu ft, Other metering
systems capable of maintaining sampliing rates within 10X of
{sokineticity and of determining sample volumes to within 2% may be
used. The metering system must be used in conjunction with a pitot
tube to enable checks of isokinetic sampling rates. Sampling trains
using metering systems designed for flow rates higher than those
described in APTD-0581 and APTD-0576 may be used, provided that the
specifications of this method are met.

4.1.3.10 Barometer: Mercury, aneroid, or other barometer

capable of measuring atmospheric pressure to within 2.5 mm Hg (0.1
in. Hg). In many cases the barometric reading may be obtained from
3 nearby National Weather Service station, in which case the station
value (which is the absolute barometric pressure) {s requested and
an adjustment for elevation differences between the weather station
and sampling point 1s applied at a rate of minus 2.5 mm Hg (0.1 in.
Hg) per 30-m (100 ft) elevation Incr=ase (vice versa for elevation
decrease).

4.1.3.11 Gas density determination equipment: Temperature
sensor and pressure gauge (as describad 1n Sections 2.3 and 2.4 of
EPA Method 2), and gas analyzer, 1{f necessary (as described in EPA
Method 3). The temperature sensor {deally should be permanently
attached to the pitot tube or sampling probe in a fixed
configuration such that the tip of the sensor extends beyond the
leading edge of the probe sheath and does not touch any metal.
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is identical to that used 1in EPA Method 5 deterainations. The new
components required are a condenser coil  and a sorbent module, which are
used to collect semivolatile organic materfals that pass through the
glass- or quartz-fiber filter in the gas phase.

4.1.2 Construction details for the basic train components are given
in APTD-0581 (see Martin, 1971, 1in Section 13.0, References); commercial
models of this equipment are also available. Specifications for the
corbent module are provided in the following subsections. Additionally,
the following subsections 1list changes to APTD-0581 and identify
allowable train configuration modifications,

4.1.3 Basic operating and maintenance procedures for the sampling
train are described 1in APTD-0576 (see Rom, 1972, {n Section 13.0,
References). As correct usage i{s {important in obtainfng valid results,
all users should refer to APTD-0576 and adopt the operating and
maintenance procedures outlined therein unless otherwise specified. The
sampling train consists of the components detailed below.

4.1.3.1 Probe nozzle: Stainless steel (316) or glass with
sharp, tapered (30° angle) leading edge. The taper shall be on the
outside to preserve a constant I.0. The nozzle shall be buttonhook
or elbow design and constructed from seamless tubing (If made of
stainless steel)., Other construction materfals may be cons{dered
" for particular applications. A range of nozzle sizes suitable for
isokinetic sampling should be available in {ncrements of 0.16 cm
(1/16 in.), e.g., 0.32-1.27 cm (1/8-1/2 in.), or larger {f higher
volume sampling trains are used. Each nozzle shall be calforated
according to the procedures outlined in Paragraph 9.1.

. 4.1.3.2 Probe liner: Borosilicate or quartz-glass tubing with
a heating system capable of maintaining a gas tesperature of 120 +
14°C (248 + 25°F) at the exit end during sampling. (The tester may
opt to operate the equipment at a temperature lower than that
specified.) Because the actual temperature at the outlet of the
probe {is not usually monitored during sampling, probes constructed
according to APTD-CS581 and utfl{izing the calibration curves of APTD-
0576 (or calibrated according to the procedure outlined in APTD-
0576) are considered acceptable. Efther borostlicate or quartz-
glass probe liners may be used for stack temperatures up to about
480°C (900°F). Quartz lirers shall be used for temperatures between
480 and 900°C (900 and 1650°F). (The softeming temperature for
borosilicate fs 820°C (1508°F), and for quartz 1500°C (2732°F).)
Water-cooling of the stafnless steel sheath will be necessary at
temperatures approaching and exceeding 500°C.

4.1.3.3 Pitot tube: Type S, as described in Section 2.1 of
EPA Method 2, or other appropriate devices (Vollars, 1976). The
pitot tube shall be attached to the probe to allow constant
monitoring of the stack-gas velccity. The impact (high-pressure)
opening plane of the pitot tube shall be even with or above the
nozzle entry plane (see EPA Method 2, Figure 2-6b) during sampling.
The Type S pitot tube assembly shall have a known coefficient,
determined 1s out'ined in Section 4 of EPA Method 2.
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4.1.3.4 Differential pressure cauge: Inclinad manometer o
equivalent device as described In Seczion 2.2 of EPA Method 2. One
- manometer shall be used for velocity-head (4P) readings and the
other for orifice differential pressure (AH) readings.

4,1.3.5 Filter holder: Borosilicate glass, with a glass frit
filter support and a sealing gasket. The sealing gasket should be
made of materials that wiil not introduce organic material into the
gas stream at the temperature at which the filter holder will be
maintained. The gaskc¢t shall be constructed of Teflon or materials
of equal or better characteristics. The liolder design shall provide
a positive seal agafast leakage 3t any point along the filter
circumference. The holder shall be attached {mmedfately to the
outlet of the cyclone or cyclune bypass.

4.1.3.6 Filter heating systam: Any heating system capable of
maintainfng a temperature of 120 =+ 14°C (248 + 25°F) around the
filter holder during sampliing. Other temperatures may be
appropriate for particular applicatigns. Alternatively, the tester
may opt to operate the equipment at temperatures other than that
specifisd. A iemperature gauge capahle nf measuring temperature to
within 3°C (5.4°F) shall be installed so that the temperature around
the f{lter holder can b= regulated and acnitered during sampling.
Heating systems other than the cne shown {n APTD-0581 may be used.

4.1.3.7 Organic sampling module: Thkis unit consists of thrae
sections, frcluding a gas-conditioning section, a sorbent trap, and
a condensate knockout trap. The gas-conditioning system shall be
capable of conditioning the gas leaving the back half of the filter
holder to a tenperature not exceading 20°C (68°F). The sorbent trap
shall bz sized to contain approximateiy 20 g cf eorous polymeric
resin (Rohm and Haas XAD-2 or equivalent) and shall be jacketed to
maintain the internal yas temperature at 17 + 3°C (52.5 + 5.4°F).
The most commonly used coolant 1is {ce water from the fmpinger ice-
water bath, Constantly circulated through the nuter jacket, using
rubb.r or plastic tubing and a peristaltic pump. The sorbent trap
should be outfitted with a glass weil or depression, appropriately
sfized to accommodate a smail thrarmocouple in the trap for wonitoring
the gas entry temperature. The condensate knockout trap shall be of
sufficient size tu colilect the condensate following gas
conditfoning. The organic module components shall be orfented to
. direct the flow of condensate formed vertically downward from the
conditioning section, throuch the adsorbent media, and into the
condensate knockout trap. The knockout trap 13 usually similar in
appearance to an empty impinger directly underneath the sorbent
module; 4t may be oversized but should have a shortened center stem
(at_a ninfmum, cns-half the length of the normal impinger stems) to
collect a Jarge volume of condensate without bubbling and
overflowiny into the impinger train. All surfaces of the organic
module wetted by the gas sample shall be fabricated of boresilicate
glass, Teflon, or other {nert materfals, Commercial versions of the
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Alternatively, the sensor may be attached Just prior to use in the
field. Note, however, that 1{f the temperature sensor i{s attached {ir
the field, the sensor must be placed 1in an inte:rference-free
arrangement with respect to the Type S pitot tube openings (see EP/
Method 2, Figure 2-7). As a second alternative, if a difference of
no more than 1% 1{in the average velocity measurement 1{s to be
fntroduced, the temperature gauge need not be attached to the probe
or pitot tube.

4.1.3.12 (Calibration/field-preparation record: A permanently

bound laboratory notebook, in which dupiicate copies of data may be

made as they are being recorded, 1is required for documenting and

recording calibrations and preparation procedures (i.e., filter and

- silica gel tare weights, clean XAD-2, qualfity assurance/quality

control check results, dry-gas meter, and thermocouple calfbrations,

etc.). The duplicate copfes should be detachable and should be
stored separately in the test program archives.

4.2 Sample Recovery:

4.2.1 Probe liner: Probe nozzle and organic module conditioning
section brushes; nylon bristle brushes with stainless steel wire handles
are required. The probe brush shall have extensions of stainless steel,
Teflon, or inert matarial at least as long as the probe. The brushes
shall be properly sized and shaped to brush out the probe liner, the
probe nozzle, and the organic moduls conditioning section.

4.2.2 Nash bottles: Three. Teflon or glass wash bottles are
reconmended; polyethylene wash bottles should not be used because organic

contaminants may be extracted by exposure to organic soivents used for
sample recovery.

4.2.3 Glass sample storage containers: Chemically resistant,
borosilicate amber and clear glass bottles, 500-mL or 1,000-mlL. Bottles
should be tinted to prevent action of light on sample. Screw-cap liners
shall be either Teflon or constructed so as to be leak-free and resistant
to chemical attack by organic recovery solvents. Narrow-mouth glass
bottles have been found to exhibit less tendency toward leakage.

4.2.4 Petri dishes: Glass, sealed around the circumference with
wide (1-in.) Teflon tape, for storage and transport of filter samples.

4.2.5 Graduated cylinder and/or balancss: To measure condensed
water to the nearest 1 mL or 1 g. Graduated cylinders shall have
subdivisions not >2 =mL. Laboratory triple-beam balances capable of
weighing to +0.5 g or better are required.

4,2.6 Plastic storage contafiners: Screw-cap polypropylene or
polyethylene containers to store silica gel.

4.2.7 Funnel and rubber policesan: To atid 1n transfer of silica
gel to container (not necessary {f silica gel {s weighed in field).
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4.2.8 Funnels: Glass, to aid in sample recovery.

4.3 Filters: Glass- or quartz-fiber f{lters, without organic binder,
exhibiting at Jeast 99.95% efficiency (<0.05% penetration) on 0.3-um dioctyl
phthalate smoke particles. The filter efficiency test shall be conducted in
accordance with ASTM standard method 02986-71. Test data from the supplier's
quaiity control program are sufficient for this purpose. In sources
containing SOp or S03, the filter material must be of a type that is
unr2active to SOp or SO3. Reeve Angel 934 AH or Schleicher and Schwell #3
filters work well under these conditions.

4.4 Crushed ice: Quantities ranging from 10-50 1b may be necessary
during a sampling run, depending on ambient air temperature.

4.5 Stopcock grease: Solvent-insoluble, heat-stable silicone grease.
Use of silicone grease upstream ~f the module 1s not permftted, and amounts
used on components located downstream of the organfc module shall be
minimized. Silicone grease usage {s not necessary {f screw-on connectors and
Teflon sleeves or ground-glass joints are used. _

4.6 Glass wool: Used to plug the unfritted end of the sorbent module.
The glass-wool fiber should be solvent-extracted with methylene chloride 1n a
Soxhlet extractor for 12 hr and air-dried prior to use.

5.0 REAGENTS

5.1 Adsorbent resin: Porous polymeric resin (XAD-2 or equivalent) is
recommended, These resins shall be cleaned prior to their use for sample
collection. Appendix A of this method should be consulted to determine
appropriate precleaning procedure. For best results, resin used should not
exhibit a blank of higher than 4 mg/kg of total chromatographable organics
(TCO) (see Appendix B) prior to use. Once cleaned, resin should be stored in
an airtight, wide-mouth amber glass container with a Teflon-lined cap or
placed in one of the glass sorbent modules tightly sealed with Teflon film and
elastic bands. The resin should be used within 4 wk of the preparation.

5.2 Silica gel: Indicating type, 6-16 mesh. If previously used, dry at
175°C (350°F) for 2 hr before using. New silica gel may be used as recefved.

Alternatively, other types of desiccants (equivalent or better) may be used,
subject to the approval of the Administrator.

5.3 Impinger solutfons: Distilled organic-free water (Type II) shall be
used, unless sampling Is Intended to quantify a particular fnorganic gaseous

species. If sampling {s inteanded to quantify the concentration of additiona)
species, the impinger solution of choice shall be subject to Administrator
approval. This water should Dbe prescreened for any compounds of interest.
One hundred mlL will be added to the specified impinger; the third impinger in
the train may be charged with a basic solution (1 N sodium hydroxide or sodium
acetate) to protect the sampling pump from acidic gases. Sodium acetate
should be wused when large sample volumes are anticipated because sodium
hydroxide will react with carbon dioxide {in aqueous media to form sodfum
carbonate, which may possibly plug the impinger.
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5.4 Sample recovery reagents:

5.4.1 Methylene chloride: Distilled-in-glass gfade 1s required for
sarple recovery and cleanup (see Notz to 5.4.2 below).

5.4,2 Methyl alcohol: Distillied-in-glass grade is required for
sample recovery and cleanup. _

NOTE: Organic solvents from metal containers may have a high
residue blank and should not be used. Sometimes suppliers
transfer solvents from metal to glass bottles; thus blanks shall
be run prior to field use and only solvents with low blank value
(<0.001%) shall be used.

5.4.3 Vater: Water (Type II) shall be used for rinsing the organic
module and condenser component.
6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING
6.1 Because of complexity of this method, field personnel should be
trained in and experienced with the test procedures 1in order to obtain
reliable results.

6.2 Laboratory preparation:

6.2.1 A1l the components shall be mafntained and calilb-ated
accnrgzng to the procedure described in APTD-0576, unless otherwise
specified. o . :

6.2.2 VWeigh several 200- to 300-g porticns of sfilica gel in
afrtight containers to the nearest 0.5 g. Record on each contatner the
total weight of the siifica gel plus containers. As an alternative to
preweighing the silica gel, 1t may {instead be weighed directly in the
impinger or sampling holder just prior to train assembly.

6.2.3 Check filters visually against 1ight for irregularities and
flaws or pinhole leaks. Label the shipping containers (glass Petri
dishes) and ksep the filters {n these containers at all times except
during sampling and weighing.

6.2.4 Desiccate the filters at 20 + 5.6°C (68 + 10°F) and ambient
pressure for at lszast 24 hr, and wzigh at Tntervals of at least 6 hr to a
constant weight ({.e., €{0.5-mg change from previous weighing), recording
results to the nearest 0.1 mg. During each weighing the filter must not
be exposed for more than a 2-min period to the laboratory atmosphere and
relative humidity above 50%. Alternatively (unless otherwise specified
by the Administrator), the filters may be oven-dried at 105°C (220°F) for
2-3 hr, desiccated for 2 hr, and weighed.

0010 - 10 A
Revision 0
Date September 1980




6.3 Praliminary field determinations: r

6.3.1 Select the sampling site and the minimum number of sarpling
points according to EPA Method 1 or as specified by the Adafnistrator.
Determine the stack pressure, temperature, and range of velocity heads
using EPA Method 2. It 1s recommended that a leak-check of the pitot
1ines (see EPA Method 2, Section 3.1) be performed. Determine the stack-
gas moisture content using EPA Approximation Method 4 or its alternatives
to establish estimates of {sokinetic sampling-rate settings. ODetermine
the stack-gas dry molecular weight, as described in EPA Method 2, Section
3.6. If integrated EPA Method 3 sampling is used for molecular weight
determination, the integrated bag sample shall be taken simultaneously
with, and for the same total length of time as, the samplie run.

6.3.2 Select a nozzle size based on the range of velocity heads so
that it is not necessary to change the nozzle size in order to maintain
{sokinetic sampling ratss. During the run, do not change the nozzle.
Ensure that the proper differential pressure gauge 1{s chosen for the
range of velocity heads encountered (see Section 2.2 of EPA Method 2).

6.3.3 Select a suitable probe liner and probe length so that all
traverse points can be sampied. For large stacks, to reduce the length
of the probe, consider sampling from opposite sides of the stack.

6.3.4 A minfmum of 3 dscm (105.9 dscf) of samule volume is required
for the determination of the Destruction and Removal Efficiency (DRE) of
POHCs from f{incineration systems. Additional sample volume shall be
rollected as necessitated by analytical detection 1imit constraints. To
determine the minimum sample vclume required, refer to sample
calculations in Section 10.0.

6.3.5 Determine the total length of sampling time needed to obtain
the 1{dentified wminimum volume by comparing the anticipated average
sampling rate with the volume requirement. Allocate the same time to all
traverse points defined by EPA Method 1. To avoid timekeeping errors,
the length of time sampled at each traverse point should be an integer or
an integer plus one-half ain.

6.3.6 In some circumstances (e.g.,- batch cycles) it may be
necessary to sample for shorter times at the traverse points and to
obtain smaller gas-sample volumes. In these cases, the Administrator’'s
approval must first be obtained.

6.4 Preparation of collection train:

6.4.1 During preparation and assembly of the sampling train, keep
all openings where contamination can occur covered with Teflon fiim or
;lu?inun foll until just prior to assembly or until sampling is about to

egin.
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6.4.2 Fi11 the sorbent trap section of the organic module wit!
approximateiy 20 g of clean adsorbent resin. While filling, ensure that
the trap packs uniformly, to eliminate the possibility of channeling.
When freshly cleaned, many adsorbent resins carry a static charge, whict
will cause clinging to trap walls. This may be minimized by filling the
trap in the presence of an antistatic device. Commercial antistatic
devices include Model-204 and Model-210 manufactured by the 3M Company,
St. Paul, Minnesota. : :

6.4.3 If an impinger train {s used to collect moisture, place 100
mL of water in each of the first two impingers, leave the third impinger
empty (or charge with caustic solution, as necessary), and transfer
approximately 200-300 g of preweighed silica gel from {ts container to
the fourth impinger. More silica gel may be used, but care should be
taken to ensure that 1t i{s not entrained and carried out from the
impinger during sampling. Place the container in a clean place for later
use in the sample rvcovery. Alternatively, the weight of the silica gel
plus impinger may be determined to the nearest 0.5 g and recorded.

6.4.4 Using a tweszer or clean disposable surgical gloves, place a
labeled (1dentified) and weighed filter {in the filter holder. Be sure
that the filter is properly centered and the gasket properly placed to
prevent the sample gas stream from circumventing the filter. Check the
filter for tears after assembly fs completed,

6.4.5 When glass liners are used, install the selected nozzle using
a Viton-A O-ring when stack temperatures are {260°C (500°F) and a woven
glass-fiber gasket when temperatures are higher. See APTD-0576 (Rom,
1972) for detafls. Other connecting systems utilizing efther 316
stainless steel or Teflon ferrules may be used. When metal liners are
used, install the nozzle as above, or by a leak-free direct mechanical
connection, Mark the probe with heat-resistant tape or by some other
. method to denote the proper distance {into the stack or duct for each
sampling point.

§.4.86 Set up the train as in Figure 1. During assembly, dc not use
any s1licone grease on ground-glass joints that are located upstream of
the organfc module. A very light coating of silicone grease may be used
on all ground-glass joints that are located downstream of the organic
module, but 1t should be 1imited to the outer portion (see APTD-0576) of
the ground-glass joints to minimize silicone-grease contamination.
Subject to the zpproval of the Administrator, a glass cyclone may be used
between the probe and the filter holder when the total particulate catch
is expected to exceed 100 mg or when water droplets are present in the
stack. The organic module condenser must be maintained at a temperature
of 17 + 3°C. Connect all temperature sensors to an appropriate

potentiometer/display unit. Check all temperature sensors at ambjent
temperature. ’

6.4.7 Place crushed ice around the impingars and the organic module
condensate knockout.
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6§.4.8 Turn on the sorbent module and condenser coil coolant
recirculating pump and begin monftoring the scrbent module gas entry
temperature. Ensure prope~ sorbent module gas entry temperature before
proceeding and again before any sampling 1s initiated. It 13 extremely
jmportant that the XAD-2 resin temperaiure never exceed 50°C (122°F),
because thermal decomposition will occur. During testing, the XAD-2
temperature must not exceed 20°C (68°F) for efficient capture cf the
semivolatile species of interest.

6.4.9 Turn on arnd set the filter and probe heating systems at the
desired operating temperatures. Allow time for the temperatures to
stabil{ze.

6.5 Leak-check procedures

6.5.1 Pre-test leak-check:

6.5.1.1 Because the number of additional {ntercomponent
cornnections in the Semi-VOST train (over the M5 Traia! increases the
possibility of leakage, a pre-test leak-check is required.

6.5.1.2 After the sampling train has been assembled, turn on
and set the filter and probe heating systems at the desired
operating temperatures. Allow time for the trperatures to
stabilize. If a Viton A O-ring or other leak-frec connection {s
used in assembling the probe nozzle to the probe limer, leak-check
the train at the sampling site by plugging the nozzle a4 pulling a
381-mm Hg (15-1n. Hg) vacuum,
(NOTE: A lower vacuum may be used, provided that it 1s not exceeded

during the test.)

6.5.1.3 If an asbestos string ‘{s used, do mot connect the
probe to the train during the leak-check. Instead, leak-check the
train by first attaching a carbon-filled leak-check impinger (shown
in Figure 4) to the inlet of the filter holder (cyclone, 1f applic-
able) and then plugging the inlet and pulling a 331-mm Hg (15-1n.
Hg) vacuum. (Again, a lower vacuum may be sed, provided that it is
not exceceded during the test.) Then, connect the probe to the train
and leak-check at about. 25-mm Hg (1-in. Hg) vacuum; alternatively,
leak-check the probe with the rest of the sampling train in one step
at 381-mm Hg (15-in. Hg) vacuum. Leak:ge rates {n excess of 4% cf
the average sampling rate or )0.00057 m*/ain (0.02 cfm), whichever
1s less, are unacceptable.

6.5.1.4 The following leak-check instructions for the sampling
train described in APTD-0576 and APTD-0581 may be helpful, Start
the pump with fine-adjust valve fully opuen and coarse-adjust valve
completely closed. Partially open the coarse-adjust valve and
slowly close the fine-adjust valve until the dJesired vacuum is
reached. Do not reverse direction of the fine-adjust valve; this
will cause water to back up into the organic module. If the desired
vacuum is exceeded, efther leak-check at this higher vacuum or end
the leak-check, as shown below, and start over.

0010 -~ 13
Revision 0

Date September 1388




$8/12 Female

Madifind [ratinge=

with javertsd Jeint

L2033 SICTIONAL viry

Leak Testing Apparatys

Figure 4, Leak-check impinger,

2010 - 14

gevisiqn

38/12 w1y

dstivatad mmd

N - -




j |

© 9.8

6.5.1i.5 When the leak-check 1s completed, first slowly remove
the plug from the fnlet to the probe, filter holder, or cyclone ({f
applicable). When the vacuum drops to 127 mm (5 in.) Hg or less,
immediately close the coarse-adjust valve. Switch off the pumping
system and reopen the fine-adjust valve, Do not reopen the fine-
adjust valve untf) the coarse-adjust valve has been closed. This
prevents the water in the i{mpingers from being forced backward into
the organic module and silfca gel from being entrained backward into
the third impinger.

6.5.2 Leak-checks during saspling run:

6.5.2.1 If, during the sampling run, a component (e.g., fiiter
assembly, impinger, or sorbent trap) change becomes necessary, a
leak-check shall be conducted {mmediately after the interruption of
sampling and before the change 1s made. The leak-check shall be
done according to the procedure outlined in Paragraph 6.5.1, except
that it shall be done at a vacuum greater than or equal to the
maximum value recorded up to that point in the_test. If the leakage
rate s found o be no greater than 0.00057 m3/min (0.02 cfm) or 45
of the average sampling rate (whichever 1s less), the results are
acceptable, and no correction will need to be applied to the total
volume of dry gas metered. If a higher leakage rate 1s obtafined,
the tester shall void the sampling run. (It should be noted that
any “correction® of the sample volume by calculation by calculation
reduces the integrity of the pollutant concentrations data generated
and must be avoided.{

6.5.2.2 Immediately after a component change, and before
sampling is reinitiated, a leak-check similar to a pre-test leak-
check must also be conducted.

6.5.3 Post-test leak-check:

6.5.3.1 A leak-check {s mandatory at the conclusion of each
sampling run., The leak-check shall be done with the same procedures
as those with the pre-test Jleak-check, except that {t shall be
conducted at a vacuum greater than or equal to the maximum value
reached during the sampling_run. If the leakage rate is found to be
no greater than 0.00057 m3/min (0.02 cfm) =r 4% of the average
sumpling rate (whichever is 1less), the results are acceptabie, and
no correction need be applied to the total volume of dry gas
metered. If, however, a hiyner leakage rate {s cbtained, the tester
shall either vecort the leakage rate, correct the sample volume (as
shown {n the caiculation section of this method), and consider the
data clidined of questionable reliability, or void the sampling run.

Sampiing-train operation:

6.6.1 Ouring the sampling run, maintain an fsokinetic sampling rate

to within 108 of true {sokinetic, unless otherwise specified by the
Administrator. Maintain a temperature around the filter of 120 + 14°C

(248 + 25°F) and a gas temperature entering the sorbent trap at a maximum
of 20%C (68°F).
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§.6.2 For each run, record the data required on a data sheet suct
as the one shown in Figure 5, 8e sure to record the initial dry-ga
meter reading. Record the dry-gas meter readings at the beginning an
end of each sampling {ime increment, when changes in flow rates are mad:
before and after each leak-check, and when sampling i{s halted. Take
other readings required by Figure 5 at least once at each sample poin
during each time increment and additional readings when significant
changes (20% variation in velocity-head readings) necessitate additicna’
adjustments in flow rate. Level and zero the manometer. Because the
manometer level and Zzero may drift due to vibrations and temperature
changes, make periodic checks during the traverse.

6.6.3 Clean the stack access ports prior to the test run tc
eliminate the chance of sampling deposited material. To begin sampling,
remove the nozzle cap, verify that the filter and probe heating system:
are at the speci{ied temperature, and verify that the pitot tube anc
probe are properly positioned., Positfon the nozzle at the first traverse
point, with the tip pointing directly i{nto the gas stream., Immediatel;
start the pump and adjust the flow to fsokinetic conditions. Nomographs,
which aid in the rapid adjustment of the {sokinetic sampling rate without
excessive computations, are available, These nomographs are designed for
use when the Type S pitot-tube coefficient 1s 0.84 + 0.02 and the stack-
gas equivalent density (dry molecular weight) is equal to 29 + 4. APTD-
0576 details the procedure for using the nomographs. If the stack-gas
molecular weight and the pitot-tube coefficient are outside the above

‘ranges, do not use the nomographs unless appropriate stieps (Shigehara,
1974) are taken to compensate for the deviations.

€.6.4 When the stack 1s under significant negative pressure
(equivalent to the height of the i{mpinger stem), take care to close the
coarse-adjust valve before inserting the probe into the stack, to prevent
water from backing into the organic module. If necessary, the pump may
be turned on with the coarse-adjust valve closed.

6.6.5 When the probe is 1n position, block off the openings around

the probe and stack access port (o prevent unrepresentative dflution of
the gas stream,

6.6.6 Traverse the stack cross section, as required by EPA Methed 1
or as specified by the Administrator, being careful not to bump the probe
nozzle into the stack walls when sampling near the walls or when removing
or inserting the probe through the access port, in order to minimize the
chance of extracting depcsited materfal. .

6.5.7 During the test run, make perfodic adjustments to keep the
temperature around the filter holder and the organic module at the proper
levels; add more ice and, 1f necessary, salt to maintain a temperature of
{20°C (68°F) at the condenser/silica gel outlet. Also, perfodically
check the level and zero of the manometer.

0010 - 16 .

Revision 0
Oate september 1988

N

LD e e




TRITP PL3L) dendyyang ¢ 2unbyy -
ey
- Fay ey 9]
sdurdey | { 5)), G2 .M, .M, .13, {(f0) Ce wnv) lou ...~ mio(1,)), K cwi)] cege (g) i
ey .c- ¢ ..-.fcn ! o:.-:talu- —n .— a—o v Ny ~°~z- - .ns —n:. by wo LT Wieg i)
23 0apuy ) buy3239) 43P0y 2018 4] M4y v Aag 30 | Hymeg 3oy 239y ey zaywsdded g | wrndepy g buy| deng
buyary) sy jo "Gmay dyduny tey g | taegag Ng
'Y o 240 )10.230wa ) $10dy
EY LT PR vY) 19 WIM 51y
EYLIST Y
T L RUITY
- - {On "wy) Dy wme ‘2ns32ag Dpie s 43 163129 )50¢) 2en) 1031y
1242300 20uy ) iy 3§ 1298 $301) WIS Jo I) PwIyIg 004 )
(»s2) .c.l\al ‘oyey way ™ SNy
- T BMBIIIS 22100y dqoug *oy NOg 23y
T T n) w0 taaiawyg 3 1ron pINNINI(0) rsny ou tee s
"8y w0y VI §) Ip) i dioy ou vy
(32) ® ‘u1buay 2y e
—_— 3§ 240)3)0 penssy 34340
oo Py IITFFR TPIT YT Lad i1 ]
........ - 240)0200ud) YWI gy wey
- ’ . ’

0010 - 17

0
er

Revision
Date Septe

'
~
[
m



6.6.8 If the pressure drop across the filter or sorbent trap
becomes too high, making 1isokinetic sampling difficult to maintain, the
filter/sorbent trap may be replaced in the midst of a sample run. Using
another complete filter holder/sorbent trap assembly 1s recommended,
rather than attempting to change the filter and resin themselves. After
a new filter/sorbent trap assembly {1s 1{nstalled, conduct a lesak-check.
The total particulate weight shall {include the summation of all filter
assembly catches, .

6.6.9 A single train shall be used for the entire sampie run,
except in cases where simultaneous sampling {s required {n two or more
separate ducts or at two or more different locations within the same
duct, or in cases where equipment failure necessitates a change of
trains. In all other situations, the use of two or more trains will be
subject to the approval of the Administrator.

6.6.10 Note that when two or more trains are used, separate
analysis of the front-half (if applicable) organic-module and impinger
(1f applicable) catches from each train shall be performed, unless
{dentical nozzle sizes were used on all trains. In that case, the front-
half catches from the i{ndividual trains may be combined (as may the
impinger catches), and one analysis of front-half catch and one analysis
of impinger catch may be performed.

6.56.11 At the end of the sample run, turn off the coarse-adjust
valve, remove the probe and nozzle from the stack, turn off the pump,
record the final dry-gas meter reading, and conduct a post-test leak-
check. Also, leak-check the pitot lines as described in EPA Method 2.

The 1ines must pass this leak-check 1in order to validate the velocity-
nead data.

6.6.12  Calculate percent {sokineticity (see Section 10.8) to
determine whgther the run was valid or another test run should be made.

SAMPLE RECOVERY
7.1 Preparation:

7.1.1 Proper cleanup procedure begins as soon as the probe is
removed from the stack at the end of the sampling period. Allow the
probe to cool. When the probe can be safely handled, wipe off all
external particulate matter near tha tip of the probe nozzle and place a
cap over the tip to prevent losing or gaining particulate matter. Do not
cap the probe tip tightly while the sampling train {s cooling down
because this will create a vacuum 1in <he filter holder, drawing water
from the impingers into the sorbent module.

7.1.2 Befsre moving the .sauple train - to the cleanup site, remove
the probe from the sample train and cap the 'open outlet, being careful
not to lose any condensate that might be present. Cap the filter inlet.
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Remove the umbilical cord frcm the last {Impinger and cap the fmpinger.
If a flexible 1ine {is used between tne organic muduie and the filter
nolder, disconnect the line at the filter holder and let any condensed
water or liquid drain into the erganic module,

7.1.3 Cap the fi{lter-holder outlet and the inlet to the organic
aodule, Separate the sortent trap section of the organic module from the
condensate knockout trap and the gas-conditioning cectfon. Cap all
organic module openings. Pisconnect the organic-module knocckout trap
from the impinger train inlet and cap both of these openings. Ground-
glass stoppers, Taflon caps, or caps of other {nert materials may be used
to sea’ all openings. ~

7.1.4 Transfer the probe, the filter, the organic-module
components, and the {impinger/condenser assembly to the cleanup area,
This area should be clean and protected from the weacher tc minimize
sample contamination or loss.

7.1.5 Save a portion of all washing solutions (methanol/methylene
chloride, Type II water) used for cleanus as a biank. Transfer 200 mL of
each solution directly from the wash bottle teing used and place each in
a senarate, prelabaled glass sample container.

7.1.6 Inspect the train prior to and during disasserbly ind note
any abnormal condftions.

7.2 Sample containers:

7.2.1 Ccntainer no. 1: Carefully remove the f{lter from the filter
holder and place 1t in its idencified Petri dish container. Use a pair
or paire of tweezers to handle the filter, If it 1s necessary to fold
the filier, ensure that the particulate cake {s f{nside the fold.
Caruvfully transfer to the Petri dish any particulate matter or filter
fibers that adhere to the filter-holder gasket, using a dry nylon bristle
brush or sharp-edged blade, or beth. Label the container and seal with
1-in.-wide Teflon tape around the circumference of the 11d.

7.2.2 Container no. 2: Taking care that dust on the outside of the
probe or other exterior surfaces does not get {into the sample,
Jquantitatively recover particulate matter or any condensate from the
probe nozzle, probe fitting, probe liner, and front half of the filter
holder by washing these compcnents first with methanol/methylene chloride
(1:1 v/v) into a glass container. Distilled water may also be used.
Retain a water and solvent blank and analyze in the same manner as with
the samples. Perform rinses as follows:

7.2.2.1 Carefully remove the probe nozzle and ¢lean the iniide
surface by rinsing with the solvent mixture (1:1 v/v methanol/-
methylene chloride) from a wash bottle and brushing with a nylon
bristle brush. Brush untifl the rinse shows no visible particles;
then make a final rinse of the tnside surface with the solvent aix.
Brush and rinse the inside parts of the Swagelok fitting with the
solvent mix in a similar way until no visible particles rematn.
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7.2.2.2 Have two pecple rinse the probe liner with the sciven
mix by tilting and rotating the prcbe while squirting solveat int
its upper end so that all inside surfaces will be wetted wit
solvent. Let the solvent drain from the lower end into the sampli
container. A giass funnel may be used to aid in transferring iiqui.
washes to the container.

7.2.2.3 Follow the solvent rinse with a probe brush. Kold the
prebe in an inclined position and squirt solvent into the upper enc
vhile pushing the probe brush through the probe with a twistinc .
acticn; place a sample container underneath the lower end of the
probe and catch any solvent and particulate matter that {s brushed
from the probs. Run the brush through the proba thres times or more
until no visibie particulate matter {s carried out with the solvent
or until none remains {n the probe liner on visual inspection. With
stainless steel or other metal probes, run the brish through in the
aoove-prescribed manner at least six times {(metal probes have small
crevices in which particulate matter can be antrapped). Rinse the
brush with solvent and quantitatively collect these washings fn the
sarple container. After the brushing, make 2 final solvent rinse of
the probe as described above.

7.2.2.4 It is recormended that twe paople work together to
clean the probe to minimize sample losses. Letween saxpling runs,
keep brushes clean and protected from contamination.

7.2.2.5 Clean the 1inside of the front :alf of the filter
holder and cyclone/cyclone fiask, {f used, by ruobing the surfaces
«ith a nylon bristls brush and rinsing with metha:iol/methylene
chloride (1:1 v/v} mixture. Rinse each surface three times or more
1T neaded to remove visible particulate. Make a final rinse of the
brush and filter holder. Carefuliy rinse out the glass cyclone and
cyclone flask (if applicable). Brush and rinse any particulate
material adhering to the {nner surfaces of these components into the
front-half rinse sample. After all solvent washings and particulate
matter have been collected in the sample container, tighten the 1id
on the sample container so that solvent will not leak out when 1t is
shipped to the laboratory. Mark the height of the fluid level to .
determine whether leakage occurs during tiansport. Label tne
container to identify 1ts contents.

7.2.3 Container no, 3: The sorbent trap section of the organic
module may be used as a sarple transport container, or the spent resis
may be transferred to a separate glass bottle for shipment, If the
sorbent trap itself is used as the transport container, both ends should
be sealed with tightly fitting caps or plugs. Ground-glass stoppers or
Teflon caps may be used. The sorbent trap should then be lsbeled,
covered with alumimm fofl, and packaged on {ce for transport to the
laboratory. If a separate bottle {s used, the speat resin should Le
quantitatively transferred from the trap {into the clean bottle. Resin
that adheres to the walls of the trap should be recovered using a rubber
policeman or spatula and added to this bottle.
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7.2.4 Container no. 4: Measure the volume of condensate collected
in the condensate knockout section of the organic module to within +1 =l
by using a graduated cylinder or by weighing to within +0.5 g using a
triple-beam balance. Record the volume or weight of 1iquid present and
note any discoloratiocn or film {n the liquid catch. Transier this 1iquid
to a prelabeled glass sample container, Inspect the back half of the
filter housing and the gas-conditioning section of the organic module.
If condensate is observed, transfer it to a graduated or weighing bottle
and measure the volume, as described above, Add this materfal to the
condensate knockout-trap catch.

7.2.5 Container no. S: Ali sampling train components located
between the high-efficiency glass- or quartz-fiber filter and the first
wet impinger nr the final condenser system (including the heated Teflon
1ine connecting the filter outlet to the condenser) should be thoroughly
rinsed with methanol/methylene chioride (1:1 v/v) and the rinsinge
combined. This rinse shall be separated from the condensate. If the
spent resin 1s transferred {rom the sorbent trap to a separate sample
container for transport, the sorbent trap shall be thoroughly rinsed
until all sample-wetted surfaces appear clean. Visible films should be
removed by brushing. Whenever train components are brushed, the brush
should be subsequently rinsed with solvent mixture and the rinsings added
to this container,

7.2.6 Container no. 6: Note the color of the indicating silfca gel
to determine if it has been completely spent and make a notaticn of its
condition. Transfer the silica gel from the fourth {mpinger to its
original container and seal. A funnel may make 1t easier to pour the
silica gel without spiiling. A rubber policeman may be used as an aid in
removing the silica gel from the impinger. It is not necessary to remove
the small amount of dust particles that may adhere strongly to the
impinger wall. Because the gain 1in weight {s to be used for moisture
calcuiations, do not use any water or other 1liquids to transfer the
sflfca gel, If a balance {s available in the field, weigh the container
and {ts contents to 0.5 g or better,

7.3 Impinger water:

7.3.1 Make a notation of any color or film in the 1iquid catch.
Measure the liquid in the first taree impingers to within ¢1 sl by using
a qraduated cylinder or by weighing 1t to within +0.5 g by using a
balance (1f one is available). Record the volume or weight of iiquid
present. This information is required to calculate the motsture content
of the effluent gas.

7.3.2 Dfiscard the liquid after measuring and recording the volume
or weight, unless analysis of the impinger catch 1is required (see
Paragraph 4.1.3.7). Amber glass containers should be used for storage of
fmpinger catch, 1f required.

7.3.3 1€ a different type of condenser {s used, measure the amount

oV moisture condensed either volumetrically or gravimetrically.
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7.4 Sample preparation for shipment: Prior to shipment, recheck al
sample containers to ensure that the caps are well secured., Seal the 1ids o
all contatners around the circumference with Teflon tape. Ship all liqui
samples upright on ice and ail particulate filters with the particulate catc
facing upward. The particulate filters should be shipped unrefrigeratad.

8.0 ANALYSIS

8.1 Sample preparation: Py

8.1.1 General: The preparation steps for all samples will resul
in a finite volume of concentrated solvent. The final sample volum
(usually in the 1- to 10-mL range) {3 then subjected to analysis b .
GC/MS. A1l samples should be 1inspected and the appearance documented
All samples are to be spiked with surrogate standards as received fro
the fieid prior to any sample manipulations. The spike should be at
level equivalent to 10 times the MOL when the solvent !s reduced §:
volume to the desired level ({.e., 10 ml). The spiking compounds shoul:
be the stable fsotopicaily labeled analog of the ccmpounds of interest o
a compound that would exhibit properties similar to the compounds o
interest, be easily chromatographed, and not interfere with the analysi:
of the compounds of interest. Suggested surrogate sniking compounds are:
deuteratad naphthalene, chrysene, phenol, nitrobenzene, chlorobenzene,
toluene, and carbon-13-labeled pentachlorophenol. :

8.1.2 Condensate: The “condansate® 1s the mofsture collected ir
the first {mpinger following the XAD-2 module. Spike the condensate witt
the surrogate standards. The volume 1s measured and recorded and then
transferrsd to a separatory funnel. The pH 1s to be adjusted to pH 2
with 6 N sulfuric acid, 1f necessary. The sample container and graduated
cylinder are sequentially rinsed with three successive 10-mL aliquots of
the extraction solvent and added to the separatory funnel. The ratio of
solvent to aqueous sample should be maintained at 1:3. Extract the
sample by vigorously shaking the separatory funnel for 5 min. After
ccmplete separation of the phases, remova the solvent and transfer to a
Kuderna-Danish concentrator (K-0), filtering through a bed of precleaned,
dry sodium sulfate. Repeat the extraction step two additional times. 4
Adjust the pH to 11 with 6 N sodium hydroxide and reextract combining the
acid and base extracts. Rinse the sodium sulfite into the K-0 with fresh P
solvent and discard the desiccant, Add Teflon boiling chips and L
concentrate to 10 mL by reducing the volume tn slightly less than 10 mL P
and then bringing to volume with fresh solvant. In order to achieve the 2
necessary detection limit, the sample volume can be further reduced to 1
aL by using a micro column K-0 or nitrogen blow-down. Should the sample
start to exhibit precipitation, the concentration step should be stopped
and the sample redissolved with fresh solvent taking the volume to some
finite amount. After adding a standaid (for the purpose of quantitation
by GC/MS), the sample is ready for analysis, as discussed in Paragraph
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8.1.3 Impinger: Spike the sample with the surrogate standards;
measure and record the volume and transfer - to a separatory funnel.
Proceed as described in Paragraph 8.1.2.

8.1.4 XAD-2: Spike the resin directly with the surrogate
standards. Transfer the resin to the all-glass thimbles by the following
procedure (care should be taken so as not to contamfnate the thimbie by
touching it with anything other than tweezers or other solvent-rinsed
mechanical holding devices). Suspend the XAD-2 module dirzctly over the
thimble. The glass frit of the module (see Figure 2) sho: ‘d be in the up
position. The thimble {s contained 1in a clean beaker, which will serve
to catch the solvent rinses. Using a Teflon squeeze bottle, flush the
XAD-2 into the thimble., Thoroughly rinse the glass module with solvent
into the beaker containing the thimble. Add the XAD-2 glass-wocl plug to
the thimble. Cover the XAD-2 in the thimble with a precleaned glass-wool
plug sufficient to prevent the resin from floating into the solvent
reservoir of the extractor. If the resin is wet, effective extraction
can be accomplished by loosely packing the resin in the thimble. If a
question arises concerning the completeness of the extraction, a second
extraction, without a spike, 1s advised. The thimble is placed i{n the
extractor and the rinse solvent contatned {n the beaker {s added to the
solvent reservoir. Additional solvent {s added to make the reservoir
approximately two-thirds full., Add Teflon boiling chips and assemble the
apparatus. Adjust the heat source to cause the extracter to cycle 5-6
times per hr. Extract the resin for 16 hr. Transfer the solvent ard
three 10-mL rinses of the reservoir to a K-D and concentrate as described
in Paragraph 8.1.2.

8.1.5 Particulate filter (and cyclone catch): If particulate
loading is to be determined, weigh the filiter (and cyclone catch, if
applicable). The particulate filter (and cyclone catch, 1f applicable)
is transferred to the glass thimble and extracted simultaneously with the
XAD-2 resin,

8.1.6 Train solvent rinses: A1l train rinses (f.e., probe,
impinger, filter housing) using the extraction solvent and methanol are
returned to the laboratory as a single sample. If the rinses are
contained in more than one container, the intended sptke 1s divided
equally among the containers proportioned from a single syringe volume.
Transfer the rinse to a separatory funnel and add a sufficient amount of
organic-free water so that the methylene chloride becomes immiscible and
its volume no longer f{ncreases with the addition of more water. The
extraction and concentration steps are then performed as described {n
Paragraph 8.1.2.

8.2 Sample analysis:

8.2.1 1he primary analytical tool for the measurement of emissions
from hazardous waste incinerators 1{s GC/MS using fused-silica capillary
GC columns, as described 1n Method 8270 1n Chapter Four of this wanual,
Because of the nature of GC/MS {instrumentation and the cost associated
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with sample analysis, prescreening of the sample extracts by
chromatography/flame {onizatfon detection (GC/FID) or with elect:
capture (GC/ECD) 1s encouraged. Information regarding the complexity :
concentration level of a sample prior to GC/MS analysis can be
enormous help. This {nvormation can be obtained by using eit!
capillary columns or less expensive packed columns. However, the |
screen should be performed with a column similar to that used with t
GC/MS. Keep in mind that GC/FID has a slightly lower detection lin
than GC/MS and, therefore, that the concentration of the sample can
adjusted efther up or down prior to analysis by GC/MS.

8.2.2 The mass spectrometer will be operated in a full scan (4
450) mode for most of the analyses. The range for which data a
acquired in a GC/MS run will be sufficiently broad to encompass the maj

ions, as listed in Chapter Four, Method 8270, for each of the designat
POHCs 1n an incinerator effluent analysis. ’

8.2.3 For most purpnses, electron f{onization (EI) spectra will
collected because a majority of the PONMCs give reasonable EI spectr
Also, EIl spectra are compatible with the NBS Library of Mass Spectra a
other mass spectral references, whicn aid in the identification proce
for other components in the incinerator process streams,

8.2.4 7o clarify some 1identifications, chemical fonfzation (C
spectra using efther positive fons or negative fons will be used
elucidate molecular-weight information and simplify the fragmentatt
patterns of some compounds. In no case, homever, should CI spectra alol
be used for compound identification. Refer to Chapter Four, Method 827(
for complete descriptions of 6C conditions, MS conditions, ar
quantitative and quantitative {dentification.

9.0 CALIBRATION

9.1 Probe rnozzle: Probe nozzles shall be calibrated before thei
inftfal use in the field. Using a micrometer, measure the insfde diameter ¢
the norzle to the nearest 0,025 mm (0.001 1n.). Make measurements at thre
separate places across the diameter and obtain the average of th
~ measurements. The difference between the high and 1low numbers shall no
exceed 0.1 mm (0.004 in.). When nozzles become nicked, dented, or corroded

they shall be reshaped, sharpened, and recalibrated before use. Each nozz’
shall be permanently and uniquely identified.

9.2 Pitot tube: The Tyne S pitot tube assembly shall be calibrate
according to the procedure sutlined in Seciton 4 of EPA Method 2, or assigne
a nominal coefficient of 0.84 1f 1t {s not visibly nicked, dented, or corrode:
and 1f it meets design and intercomponent spacing specifications.
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9.3 Metering rystem:

9.3.1 Before its initial wuse {in the field, the metering system
shall be calibrated according to the prccedure outlined in APTD-0576.
Instead of physically adjusting the dry-gas meter dial readings to
correspond to the wet-test meter readings, calibration factors may be
used to correct the gas meter dfal readings mathematically to the proper
values. Before calibrating the metering system, it is suggested that a
leak-check be conducted. For metering systems having diaphragm pumps,
the normal leak-check procedure will not detect leakages within the pump.
For these cases the following leak-check procedure is suggested: Make a
10-min calibratfon run at 0.00057 m3/min (0.02 cfm); at the end of the
run, take the difference of the measured wet-test and ‘ry-gas meter
volumes and divide the differencs by 10 to get the leak rate. The leak
rate should not exceed 0.00057 m3/min (0.02 cfm).

9.3.2 After each field use, the calibration of the metering system
shall be checked by performing three calibration runs at a single
intermediate orifice setting (based on the previous field test). The
vacuum shall be set at the maximum value reached during the test serties.
To adjust the vacuum, i{nsert a valve between the wet-test meter and the
inlet of the metering system. Calculate the average value of the
calibration factor. If the calibration has changed by more than 5%,
recaiibrate the meter over the full range of orifice settings, as
outlined in APTD-0576.

9.3.3 Leak-check of metering system: That portion of the sampling
train from the pump to the orifice meter (see Figure 1) should be leak-
checked prior to initfal use and after each shipment. Leakage after the
pump will result in less volume being recorded than {s actually sampled.
The following procedure {s suggested (see Figure 6): Close the main
valve on the meter box. Insert a one-hole rubber stopper with rubber
tubing attached into the orifice exhaust pipe. Disconnect and vent the
low side of the orifice manometer. Close off the low side orifice tap.
Pressurize the system to 13-18 cm (5-7 1n.) water column by blowing into
the rubber tubing. Pinch off the tubing and observe the manometer for 1
min. A loss of pressure on the manometer indicates a leak in the meter
box. Leaks, {f present, must be corrected.

NOTE: If the dry-gas-meter coefficient values obtaired before and after
a test series differ by )5%, efther the test series shall be
voided or calculations for test serfes shall be performed using
whichever meter coefficient value (i.e., before or after) gives
the lower value of total sample vclume.

9.4 Probe heater: The probe-heating system shall be calibrated befors
its initial use In the field according to the procadure outlined in APTD-0576.
Probes constructed according to APTD-0581 need not be calibrated {f the
.calibration curves in APTD-0576 are used.
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9.5 Temperature qaujes: Each thermocouple must be permanently and
uniquely marked on the ‘casting; all mercury-in-glass refarence thermometers
must conform to ASTM E-1 63C or 63F specificaticns. Thermocouples should be
calibrated in the laboratory with and without the use of ex*=nsion leads. If
extension leads are used in the field, the thermocouple readings at ambient
alr temperatures, with and without the extensfon lead, must be noted and
recorded. Correction is necessary if the use of an extensian lead produces 1
change >1.5%.

9.5.1 Impinger, organic module, and dry-gas me:er thermocouples:
For the thermocouples used to measure the temperature of the gas leaving
the impinger train and the XAD-2 resin bed, three-point calibration at
ice-water, room-afr, and boiling-water temperatures 1s necessary. Accept
the thermocouples only {f the readings at all three temperatures agree to
+#2°C (3.6°F) with those of the absolute value of the re’erence
thermometer,

9.5.2 Probe and stack thermocouple: For the thermocouples used to
indicate the probe and stack temperatures, a three-point calibration at
{ce-water, boiling-water, and hot-ofl-bath temperatures must be
performed; it is recommended that room-air temperature be added, and that
the thermometer and the thermocouple agree to within 1.5% at each of the
calibration points. A calibration curve (equation) may be constructad
(calculated) and the data extrapolated to cover the entire temperature
range suggested by the manufacturer.

9.6 Barometer: Acjust the barometer {nitfally and before each test
serfes to agree to within +25 ma Hg (0.1 in. Hg) of the mercury barometer or
the corrected barometric pressure value reported by a nearby Natfonal Weather
Service Station (same altitude above sea level).

9.7 Triple-beam balance: Calibrate the triple-beam balance before each
test series, using Class-S standard weights; the weights must be within +0.5%
of the standards, or the balance must be adjusted to meet these limits.

10.0 CALCULATIONS

10.1 Carry out calculations. Round off figures after the final
calculation to the correct number of :zignificant figures.

10,2 Nomenclature:
Ap = Cross-sectional area of nozzle, m@ (ft2).
8ws » Water vapor in the gas stream, proportion by volume.

C4 * Jyoe S pitot tube coefficient (rominally 0.84 + 0.02),
dimensionless.

I = Percent of {isokinetic sampling.
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La = Jlaximum acceptable leakage rats for a lecak-chack, either nra-tas
or foilowing a ccsponent change; equal to 9.00057 m/aia (0.C
ctm) or 4% of the average sampling rate, whichever is less,

Ly = Individual leakage rats ohserved during the l=ak-check ¢cnducted
prior to the *{4i* component change (i = 1, 2, 3...n) m3/ain
(cta).

Lp = Lzakage rate observed during the post-test laak-check. m3/min
{cta).

M4 = Stack-gas dry mlecu_lar weight, g/g-mole (1b/1b-mole).

M, = Holecular weight of water, 12.0 g/g-mole (18.0 1b/ib-mole).

Ppar = Barometric pressure at the sampling site, mm Hg (in. Hg).
Ps = Absolute stack-gas pressure, mm Hg (in. Hg).
Pstd = Standard absolute pressure, 760 mm Hg (23.92 in. Hg).
R = Ideal_gas censtant, 0.06236 mm Hg-m3/K-g-mole (21.35 {n.
Hg-ft3/°R-1b-mole). '
Ty ?bss):lute average dry-gas meter temperature (sece Figurs 6), X
*R).
Ts = Absolute average stack-gas temperature (see Figure 6), K (°R).
Tstd = Standard absolute temperature, 293K (523°R).
Yie = Total volume of liquid collected in the orqanic module condensate
knockout trap, the impingers, and sflica gel, ml.
V3 = Volume of gas sample as measured by dry-gas meter, dscn (dscf).
Ym(std) = Volume of gas sample measured by the dry-gas meter, corrected
to standard conditions, dsca (dscf).
Vw(std) = Volume of water vapor in the gas sample, corrected to standard
conditions, sca (scf).

4g = Stack-gas velocity, calculated by Method 2, Equation 2-9, using
data obtained from Method 5, m/sec (ft/sec).

Wy = Weight of residue in acetone wash, mg.

7 = Dry-gas-meter calibration factor, dimensionless.

AH = Average pressure differential across the orifice meter (see

Fiqure zg. m Hy0 (in. H0).
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1

a Letstuy of aater, 045552 5700 (2.002.01 o/ ).
3 » Total sarsiing tizme, ain,

31 » Supling ¢ize intarval froam the beginning of a run unti] the
‘irst component change, min,

31 = Sarpling time interval etueen two succassive ccrtonent
channes, beninning with che {intarval between tre first and
second :zhargas, mia.

3, = 3ampling tine interval frca the final (ath) component charge
until the end of the sampling run, min.

13.6 = Specific gravity 2f mercury.
63 = sec/min.
160 = Conversion to percent.

10.3  Averags drv-qas-meter termperature and average orifice oressure
droo: See data sneet (rigure 5, aDove).

10.4 Drv-aas volume: Correct the sarple measured by the dry-gas meter
to standard condltions (20°C, ‘760 mm Hg [68“F, 29.92 In. {) by using
Equation 1:

Tstd Pbar + 4H/13.8 Pbar + AH/13.8

. = . Y
Yn(sta) = Yo7 oy Pea K1¥ay ™ (1)

whares:

Xy = 0.3353 Xi/™a Qq for metric units, or
Ky = 17.84°R/1n. Hg for English units,

It shouid be notad that Equation 1 can be used as written, unless the leakage
rate observed during any of ‘*he mandatory leak-checks (i.es., the post-test
leak-check or leak-checks conductad prior to component changes) exceeds L. =
If Lp or Ly exczeds L,, Equation 1 must be modified as fallows:

a. Cas» I (no component changes made during sampliag run): Replace Yy
Tn tquation 1 with the expression:

Iy - (L - L)
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5. Ci32 11 (ons or w=ore cooponent chanhes 2ade during the samplin
runjs Replace Y4 ia fquation 1 by the expression:

i)

and substitute only for those leakage rates (Lj or Lp) that axczed
L._aw

10.5 Yoiume of watsapr vapor:

Pw RTstd

Yased) *Y1e T T— *FRVie | (2

Hw ?std

whiera:

%2 = §,001333 @3/al for metric units, or
Ko = 0.04707 ft3/aL for English units.

10,8 Hoisture content:

Yy (std)
3 " @)
va(std) + vw(std)

HOTE:  In saturated or water-droplet-laden gas streazs, two calculaticae
of the moisture content of the stack gas shall be sade, cne fron
the impinger analysis (Eguation 3) and a second frem the
assumption of saturated conditions. The lower of the two values
of 3y shall be considered correct. The procadure for determining
the meiscure contant based upon assumption of saturated conditions
15 given in the Hote to Section 1.2 of lethod 4. For the purposss
of this zethod, the average stack-qas temperatuve frea Figure €
may be used to make this determination, provided that the accuracy
of the in-stack temperaturs sensor i3 +1°C (2°F).

10.7 Conversion factors:

Frea Yo Hultipiy b
sct s 5?52§5§z"z

g/ft3 gr/ft3 15.43
g/ft3 1b/ft3 2.205 x 103
g/ft3 3/ 15,31
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13,3 Tosiinatde uartalian:

10.53.1 Caiculacien frea vaw dala:

100 T,[%57) * (1,/T) (Ppp * 3H/13.5)]

I — ()
;uilsPsAn

+

where:

X2 = 0.003454 mm ﬂg-m3/1L K for netric tnits, or
Y3 = 0.£02569 in. #g-ftd,/aL-*R for Englisn units.

10.3.2 tCalculation for intsrmediata values:
. TV roed)Psqil
1stdvsJAn"SwI‘ awsj

1{#td)
3PV, A a(l ngf

= X

whare:

‘4 = 4,320 for metric units, or
¥4 = 0.0945) for Enqlish Jnits.

10.3.3 Acceptable results:  If 902 { I < 110%, the results are
acceptable. If the results are low in ccmpari~cn with the standard and
I is boyond Che acceptable range, or if I 1{is less than 50%, the
Administrator may opt to accept the rasults.

10.9 To cetermine the minimum sample volume that shall be coilected, the
following sequence of calculations snall be ysed.,

10.3.1 Frca orior analysis of the waste feed, the concantration of
PCUCs inzroduced into the corpustion system can be calculated. The
d2qree of destruction and removal efficiency that is required is used to
datzraine the maximum amount of 7CHC ailowed to be present in the
afflusnt, This may be expressed as:

(4F) (PCHC, conc) (100-3DRE)

= Max PCHC1 Mass {6)
100 100

sheres

-

wf = mass flow rate of waste feed per hr, g/hr (1b/hr).

POHCY = concentration of Principal Organic Hazardous Compound (wt %)
, 1atrcduced into the combustion process.

0010 - 31
Revision

Date Septe mber 1536




i Kbt e S i AP tA R i AR ARk

CRE = parcent Destruction and Removal Efficiency required,

Max FCHC = nass flow rata (g/hr [1b/hr]) of PCHC eaitted frca the
ccambustion saurce.

10.2.2 Tha averaqe discharge concentration of the PCHC in the
sffluent gas 1¢ destarwined by comparing the Max PCHC with the volumetric
flow rate baing axhaustad frcm the source, Volumetric flow rate data are
avatlable as a rasuit of preliminary #ethod 1-4 determinations:

Hax POHC1 Mass

= Hax POHC, conc _ (7)
OVatf(std)
¥here:

DVeft(std) » volumetric fiow rate of exhaust qgas, dscm (dsct).

PCHCy conc = anticipated concentration of the POHC in the
exhaust gas straam, g/dsca (1b/dscf).

10.9.3 In making this calculation, 1t {s recommended that a safety
margin o at least ten be included:

Lilpaye X 10

=¥ (8)
. T3¢ ,
POACi cone

wnares

LlLoaue = detzctabie amount of PCHC in entire sampling train.
{0TZ: The whole extract frca an XAD-2 cartridge is seidom 1f ever,
injrcted at once. Therefore, {7 aliquoting factors are

1avolved, the LDLpnye 1s not the saze 2s-the anaiytical (or
coluzn} detection [{aft.

Y720 @ ainiawa dry standard volume to e ccllected at dry-gas
mater,

i0.10 Jloncantration of any qiven POHC

{n the qaseous emissions of a
ccrbhystion nrocess:

1) Multiply the concentration of the PCHC as detarmined in Method 3270
by the 7inal cencentration volume, typically 10 al.

Cooxe (ug/mt) x sample volume (mL) = amount (ug) of POHC In sample (9)
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Joeue = coacantratica of SCHC ay amalyzed Dy dethed 3270,

25 S.a the amount of SCHC found 1n ali sacples associatad with a single

otal (ug) = XAD-2 (ug) + concensate (ug) + rincas (ug) + irpinger (ug)  (i0)
3} Divide the total ug found by the voluze of stack gas sampled (ad),

{7otal ug)/(train sampla voiume) s concantration of PCKC (ug/a3) (11)

11.0 CUALITY CCNTRCL

11.1 S:oling: See EPA Manual 500/4-77-027b for Method 5 quality
control, o

11.2 Analvsis: Ths quality assurance program required for this study
imciudes the amalysis of flald and method blanks, procedure validations,
incormoration of stable lahbeied surrogate ccrpounds, quantitation versus
stanle lab=led intarnal standards, ccpililary coluan performance checks, and
cxtarnal performance tests. Tha surrogate spiiing comcounds selectad for a
sareicular analysis are usadi as prizmary {ndicators of the cuality of the
analytizal data vor a wide range of corpounds and a vartety of sample
Jateices, The assessment of ccnbustion data, positive {dentificat’on, and
quantitation of the selacted comocunds are depsndent on the intaqrity of the
satnias receivad eand the precision and accuracy of the analytical methods
aeployed, Vhe quallity assurance procedures for this method are designed te
=aniter thes nerformance of the analytical method and to provide the required
1nformation to take corrective action {f prohlems are cbserved in laboratory
cperations cr in fi21d sampling activities,

11.2.1 Fiald Blanks: Flald bdlanks =ust be submitted with the
sarples collected at each sampling site. Thea field blanks include the
sa~ple bottles containing aliquots of samplie recovery solvents, unused
fiitars, and resin cartridges. At 3 ainimum, one ccsplete sampling train
w11l he asszmbled in the fi{ald stiging ar<a, taxan to the sampiing area,
and leak-cneciied at the baginning and end of the ta2sting (or for the same
tstal auzber oY times as the actual test train). The filter housing and
nrobe of the blank train will be heatad durirg the sample test, The
train wili De reccvered as if 1t were an actual test sample. Ho gaseous
samle will be passed through the sampling train.

11.2.2 Hethod bdlanks: A nethod blank must be prenared for each set
o7 analytical operations, to evaiuate contaminatifon and artifacts that
can be Jerived fream glassware, reagents, and saple handling in the
1itoratory,

11.2.3 Refar to Method 8270 for additional quality control
zonsiderzstions.
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.0 HETHOD PERFORMAHCE

[
[AN]
<

12.1 Hathod nerfor—anca avaluation: Evaluation of analytical procacdura
for a selectad series of cc.pounds must includs the sampla-preparatio
srocadures and each ascociatad analytical detzrmination, Tha analytica
orocadures should ba challangad by the test compounds spiked at appropriat.
lavaiy and carried through the procadures,

12,2 Rethod datacticn 1ind%: The overall method detection limits (lower
and upper) must pe detarmined on a compound-by-compound basis Decause
di¥farent cocmpounds may exhibit different collecticn. retentfon, anc
axiraction efficiencies as well as instrumental minimum detcotion limit (MDL).
The method detaction limit must be quoted relative to a given sample volume.
The upper limits for t.e method must be determined relative to compound
retantion volumes (breakthrough).

12.3 H“ethod nrecision and bias: The overall method pracision and bias
must be detarmined sn a compounc-hy-compound basis at a given cencentration
level., The method precisinn vaiue would include a comdined variability due to
sampling, sample preparation, ond instrumental analvsis. The method bias
would be dependent upon the collection, retsntion, and extraction otfficiency
of the train cocmpcnents. From evaluation studies to date using a dynamic
spiking system, method biases of -i31 and -15% have been detarminadi fo-
toluene and 1,1,2,2-t2trachloroethane, respectively. A precision of 19.5% was
calculated frem a flald test data set representing seven degrees of fraedom
which resulted from a series of paired, unspiked Semivolatile Orqanic Sampling
trafns {Semi-vO3T) sampiing emissions from a hazardous wasie i{ncinerator.
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AETHCD 0019, APPENDIX A
PREPARATICN OF XAD-2 SCR3ENT RESIH

Py
.
(&%)

SCCPE AND APPLICATICH

1.1 XiD-2 rasin as supplied Dy the manufacturer is impregnatad with a
Sfcarbonate solution to inhibit microbfal grewth during s<orage. Both the
311t solution and any residual extractable monomer and polymer species must be
ramovad before use, Tha resin 1is prepared by a series of water and organic
axtractions, followed by careful dryfug.

2.0 EXTRACTICM

2.1 Mathod 1: The procedure may be carried out 1{n a giant Soxhlet
axtractor.” An ali-glass thimble containing an extra-coarse frit 1s used for
sxtraction ov XAD-2., The frit {s recessed 1U-15 :m above a crenellated ring
at the bottom of the thimble to facilitate drainage. The resin must be
carsfully retatned in the extractor cup with a glass-wool plug and stainless
stn2] screen because it floats on methylene chloride. This process involves
saquantial extracticn in the following order.

Solvent ‘ Procedure
Watar Inftial rinse: Place resin in a beaker,

rinse once with Type II water, and
discard. F111 with water a second time,
let stand overnight, and discard.

dater _ Extract with H20 for 8 hr,
Hethyl aleohol Extract for 22 hr.
Hdethylene chloride Extract for 22 hr,

Aethylene chlcride (fresh) Extract for 22 hr,
2.2 Mathod 2:

2.2.1 As an altarnative to Soxhlet extraction, a continuous
tractor has heen fabricated for the extraction sequence., This extractor has
en found to be acceptable. The partfcular canister used for the apparatus
ewn in Figure A-) contains about 500 ¢ of finished XAD-2. Any size may be
nstructed; the choice {s dependent on the needs of the sampling programs.

-t 03 A O e
o X

o)

he XAD-2 is held under 1{ght spring tension between a pair of coarse and fine
cr=ens, Spacers under the bottom screen allow for even distribution of clean
!
a

lvent, The thres-necked flask should be of sufficient size (3-1iter in this
se) to hoid scivent

[ A2
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xuay to twica tha dazd volume of tha XAD-2 canistar., Solvant {s rafluxec
tarough the Saydar columa, and toe distillaze s ccnt}nuausly‘cyqied uR
tarough the XAD-2 for sxtracticn and returnad to the flask, Tha flow is
aatntained upward through the XAD-Z to allow maximua sclvent contact and
srevent channeling. A valve at the bottcm of the canister allows removal of
sslvent from the canistar between changes.

2.2.2 ix-merience has shcwn that it s vary difiicult to cycle
sufficisent watsr {n this moda. ‘harafore the aqueous rinse {s accomp isned by
s{;oly flushing the canister with acout 20 liters of distilled water. A smail
sump nay be useful for purping the water throuch the canister. The water
axtraction shculd be carried out at the rate of about 20-40 al/mtn.

2.2.2 After draining the watsr, subsequent methy! alcohul and
sethylene caloride extractions are carried out using the rgf]uxing apparatus.
An overnight or 1C- to 20-hr perfod is normally surficient for each
extraction., '

2.2.4 A1l materfals of construction are glass, Teflon, or stainless
stael, Pumds, 1f used, should not contain extractable matarials. Pumps are
not used with methanol and methylena chloride.

3.0 ORYING

3.1 After evaluation of several methods of removing residual solvent, a
fluidized-bed technique has proved to be the fastest and most reliable drying
3ethod. v

3.2 A simple column with suitable retainers, as shown in Figure A-2,

411 serve as a satisfactory column, A 10.2-ca (4-1n.) Pyrex pipe 0.6 m (2

ft) long will hcid all of the XAD-2 from the extractor shown in Fiqure A-1 or
the Soxhlet extractor, with sufficlent space for fluidizing the bed while
generating a ainimum resin load at the exit of the column,

3.3 Hethod 1: The gas wused to remove the solvent {s the key to
preserving tiie ~leanliness of the XAD-2. Liguid nitrogen from a standard
cermercial liquid nitrogen cylinder has routinely proved to be a reliabla
source of large volumes of qas free from organic contaminants. The liquid
nitrogen cylinder 1s connacted to the column by a length of precleaned 0.95-cm
(3/3-1n.) <opper tubing, coilad to pass through a heat source. As nitrogen is
Slad from the cylinder, it is vaporized 1n the heat source and passes through
the column, A convenient heat source {s a water dath heated from 2 3ieam
Tine. The finai nitrogen temperature should only he warm to the touch and not
over 40°C, Experience has shown that about 500 g of XAD-2 may be dried
overnight hy consuming a full 160-11ter cylinder of liquid nitrogen.

3.4 Hethod 2: As a second choice, high-purity tank nitrogen may be used
to dry the ZAD-2. The high-purity nitrogen must first be passed through a bed
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sf ictivated chareoal approxiasataly 130 oL in veluze.  Ufzi avlher tyme of
iring zathed, the rate of flow should gantly agitate the ded, Excassive
fYuidization may cause the particles to brrak up.

3.9 GUALITY CUXTROL PRCCECURES

3.1 For both dethods 1 and 2, th® quulity control results zust be
racorted for the Ddutch, Tha batch must De reextractad {f the residual
axtirzctzble organics are D20 ug/mL by TCO analysis or the gravimetric residue
13 30,5 my/20 g L1D-2 extractad. (See alsa section 5.1, Hethed 0010.)

3.2 four control procedures are used with the firal XAD-2 to check for
(1) residcal zethylene chloride, (2) extractable organics (7C0), (3) specific
ccwpounds of interest as dstarmined by G&C/4S, as described in 3ection 4.5
Selow, and {4) residue (GRAV).

4.3 Procedure for residual methylene chloride:

3.3.1 UDescription: A 1+0.1-g sample of dried resin 1s weighed into
a zal) vial, 3 al of toluene are added, and th2 vial is capped and well
shaken., Five ul of toluene (now containing extracted methylcne chloride) are
injacted 1nto a gJas chromatograph, and the resulting {integrated area is
ccpared with a referenc2 ctandard. The reference solution consists of 2.5 ul
of nethylene chloride in 100 =L of toluene, siaul&ting 100 ug of residual
mthylene chloride on the resin. The acceptable maximua content is 1,000 ug/g
resin.

4.3.2 Experimental: The gas chromatograph conditions are as
foliows:

6-ft x 1/3-in. stainless steel colusn contafning 103 OV-101 on
100/1205 Supglcoport;

delium carrier at 30 mL/ain;

FID operated on 4 x 10-11 A/av;

Injection port temperature: ‘250’C:

‘Detector temperature: 305°C;

Program: 30°C(4 =in) 40°C/min 250°C (hold); and
Program tamminated at 1,000 sec.

4.4 Procsdure for residual extractablie organics:

4.4.1 Description: A 20+0.1-g sample of cleaned, dried resin is

waighed Into a precleaned alundum or cellulose thimble which 13 plugged with

cleaned glass wool., (ilote that 20 g of resin will f{1] a thimble, and the
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rrsin wiil F1oat cut uniass well onli~qgua,)  Tir tai bl containing the resin
{3 axtractad for 24 B with 200-aL of pasticite- gride aetaylene chlorids
(ZurdicX and Jackson pesticigz-qgrace or 2quival:nt purity). Thaa 200-al
axtract 1s raducad fn volume to 10-3L wusing a Ludarna-fanish concantrator
and/or a nitrogen evaporation stream, Five ul of that solution are analyzad
by sas chromateqraphy using the TCO aralysis procadure. Tae concantratad
suiuzion should not contain 20 ug/mL of TCO axtractad frem the XAD-2. This
is equivalent to 10 ug/q of TCO ‘n the XAD-2 and would correspond to 1.3 mg of
TCO in the extract of the 130-q XAD-2 nodule, Care shculd be takea to correct
the 72O data for a solvent biank przpared (200 U reduced to 10 al) in a
similar manner,

4.4.2 Experinental: Usa the TCOD analysis conditions described in
the revised Level 1 manual (EPA §C0/7-73-201).

4.5 GC/MS Scraen: The extract, as prepared f1n paragraph 4.4.1, is
subjected to CC/i4S analysis for cach cof the individual compounds of {nterest.
The GC/MS procedure is described in Chapter Four, Method 8270. The extract is
scriened at the MDL of each compound. The presence of any compound at a
scncantration 25 ug/ol in the concentrated extract will require the YAD-2 o
be recleaned Lty repeating the methylene chloride step.

4.8 Methodology for residual gravimetric detsrminatfon: After the 720
vilue and GC/H4S data are obtained for the resin batch by the above procedures,
dry the remainder of the extract in a tarsd vessel. There must be <0.5 mng
residus registered or the batch of resin will have to be extracted with fresh
mathylene chloride again until {1t =aeets this criterfon, This level
go;responds to 25 ug/q in the XAD-Z, or about 3.25 mg in a resin charge of

30 1.
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JETHCD €010, APPEMNDIX 3
TOTAL CHRCHMATCGRAPHABLE ORGANIC MATERIAL ANALYSIS

1.0 SCOPE AND APPLICATION

1.1 In this procsdure, gas chromategraony 1{s used to determine the
quantity of lower boiling hydrccarbons (boiling points between $0° and 300°7)
in the ccncentrates of all organic solvent rinses, XAD-2 resin and LC
fractions - when Method 1 is usad (see Referenzes, Mesthod 0010) - encountered
in Level 1 environmental sample analyses. 0Dat2 cbtainad using this procedure
serve a twofold purpose. First, the total quantity of the lower boiling
hydrocarbons in the sample {s detarmined. Then whenever the hydrgcarbon
concentrations in the original concentrates exceed 75 ug/m®, the
chromatography results are reexamined to determine the amounts of individual
species,

The extent of compound {ident{ification 1s limited to representing all
materfals as normal alkanes based upon comparisen of boiling points. Thus the
method 1s not qualitative, In a similar manner, the analysis fIs
semiquantitative; calibrations are prepared using only one hydrocarbon. They
are replicated but samples routinely are not.

1.2 Application: This procedure applies solely to the Level 1 C7-C16
gas chromatograpnic 2nalysis of ccncentrates of crganfc extracts, neat
liquids, and of LC fractions. Throughout the procedure, 1t is assumed the
analyst has been given a properly prepared sample.

1.3 Sensitivity: The sensitivity of thic procedure, defined as the
slope of a plot o¥ response versus concentraticn, 4s dependent on the
instrument and must be verified regularly. TRY exper{ence indicates the
nominal! range is of the order of 77 uV-Vesec-uL/ng of n-heptane and 79
uY-sec-ul/ng of n-hexadecane. The {nstrument {s capable of perhaps one

hundredfoid greater sensitivity. The level specified here 1s sufficient for
Level 1 analvsis. :

1.4 Detection limit: The Jdetection 1limit of this procadure as written
1 1.3 ng/ul for a 1 ul Injection of n-decane. Thix limit 1s arbitrarily
based on defining the minimum detectzble response as 10U uvesec. This is an
easier cparational definition thar defining the minimum detection limit to be
that amount of material which ylelds a signal twice the nofse level,

1.5 Ranqe: The range of the procedure will be concentrations of 1.3
ng/ul and greater.

1.6 Limitations

1.6.1 Reporting limitations: It should be noted that a tynical
environmental sample will contain compounds which: (a) will not aluts in
the specified boiling ranges and thus will not be reported, and/or (b)
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711 not 2luta from the coluan at all and  thus will not be reported.
Ccacaquantly, tha oranic contant of tha sample as reportad 1s 2 lcwer
tound and shouid de regarded as such.

1.6.2 Calibration liaitations: Guantfitation {s based on
calibration with n-decane., [ata should therefore be reported as, e.49.,
» $3/a% as n-decane, Since response varies lin:arly with carbon number
(over a wide ranqge the assumption =ay f{nvolve 3 20% ervor), 1t 1s clear
that heptane (C7? detacted in a sample and quantitated as decane will be
overestimated. Likewise, haxadecane (C16) quancitated as decane will be
undarestimated. From previous data, 1t 1{s estimated the error {nvolved
Is on the order of 5-7%.

1.6.3 ODetsction 1{amitations: The sensitivity of the flame
{on{zation detector varies froam compound to compound. However, n-alkanes
have 3 greater response than other classes., Consesquentlv, using an n-
alkane as a calibrant and assuming equal responses of all other compounds
tands to give low reported values,

2.0 SUMMARY OF METHOD

2.1 A al aliquot of all 10-mL concentrates 1{s disbursed for GC-TCO
analysis, With boiling point-retention tize and response-amount calibration
curves, the data (peak retention times and peak areas) are interpreted by
first summing peak areas 1n the ranges obtained from the tofling point-
retzntion time calibration. Then, with the response-amount calibration curve,
th: area suas ars converted to amounts of materfal in the reported boiling
peint ranges.

2.2 Aftar the instiucent s s2t up, the boiling point-retention time
caliuration 1s effected by injecting a mixture of n-C7 through n-Cl16
hvlrocarbons and operating the standard temperatures program., Response-
yuantity calibrations are accomplished by 1injectirg n-decane in n-pentane
standards and performing the standard temperature pregram.

2.3 Dafinitions
Z2.3.1 3€: Gas chromatography or gas chresatograph.

2.3.2 C7-C15 n-alkanes: Heptane through hexadecane.

2.3.3 GCA tesperature program: 4 ain {sothermal at 60°C, 10°C/min
frea 60° to 229°C.

2.3.4 TRY tesperaturs program: 5  ain {sothermal at room
tamparature, then program from 30°C to 250°C at 15°C/=min.

3.C INTERFERENCES
Hot applicable.
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4.0 APPARATUS AND HATERIALS

4,1 Gas chremategraph: This procadure 1s  {atanded for use on 4 Yarian
1380 gas carcmatograpn, equipped with cdual flame {onfzation detectors and a
1{near temperature programmer. Any equivalent instrurment can be used provided
that alectrcieter settings, etc., be changed appropriataly.

4.2 Gasas:

4.2.1 Helium: Minimum quality 1s reactor grade. A 4A or 13X
molecular sieve drying tube {s raguired. A filter nust be placed betwsen
tha trap and the instrument. The trap should be recharged after every
third tank of helium.

4.2.2 Mr: Zero grade is satisfactory. |
4.2.3 llydrogen: Zero grade. '
4.3 Sycinge: Syringes are Hamilten 701N, 10 ul, or equivalent.

4.4 Y2%3: Septa will be of such quality as to produce very low bleed
- during the cemperature program. An appropriate septum 13 Supelco Microsep
133, which 1{s iaflon-bazked. If septum bleed cannot be reduced to 2
negligible leval, 1t will be aecassary to {nstall septum swingers on the
instrument.

8.5 Recorder: The recorder of this procadure reust be capable of not
lass than T =V tull-scale dispiay, 3 1l-sec time constant and 0.5 in. per min
chart ruate,

4.6 Integrater: An integrator {s required, Peak area measurement by
hand is satisractory but too time-consuming. 17 wmanual integration is
required, the method of “height times width at half height® 1s.used,

4,7 Colums:

4.7.1 Preferred coluan: 6 ft x 1/3 in. 0.D. stainless steel column
cf 102 OV-101 on 100/120 wesh Supelcoport.

4.7.2 Alternate colusm: 6 ft x 1/3 in. 0.D. stainlass steel column
of 10% OV-1 (or other silicon phase) on 100/120 w2esh Supelcoport.

4.3 Syringe claaner: Hamilton syringe cleaner or equivalent connected
to & suitanie vacuum sourca,

5.0 REAGENTS

5.1 Pentare: *Disti{lled-in-Glass® (reg. trademark) or *MNanograde” {reg.
trademark) for standards and for syringe cleaning.

6010 -8 -3
Revision

0
Date Seotember 1980




& mvayiane ehlartc *3132111ed-1n-Glass® {req. ‘teidamark) or
et (r2g. (radaaar <) ror syringe clzaning,

3.
AT [ F

3.0 SAMPLLHS HAMDLING ~ND PRESERYATION

6.1 Tna extracts ar» concentrated {in a <uderna-Danish svaporator to a
volume lass than 10 ml.. The concentrate {s then quantitatively transferred to
1 10-mL voluretric flask and diluted to0 volume, A l-nf aliquot {s takan for
moth this anpaiysis and possibie subsequent GC/HS 2n3lysis and set aside {n the
sample hank., For each GC-TCO analysis, obtaln the sampie sufficiently in
advaace {0 3ilow 1t to warm to rocm temperature., For example, aftar one
analysis is started, return that sample to the sample bank and take the next
samd i e,

7.0 PACCEDURES

7.1 Zstup and checkout: Each day, the operator will veri{fy the
faijowing:

7.1.i That supplies of carrier gas, air and hydrogen are
sufficient, {.e., that each tank contains D> 100 psij.

7.1.2 That, after replacement of any gas cylinder, all connections
leading to the chromatograph have been leak-checked.

7.1.3 That the carrier gas flow rate 's 30 + 2 al/ain, the hydrogen
flow rate fs 30 + 2 mL/ain, and the afr flow rate is 300 + 20 mL/min.

7.1.4 That the electrometer is functioning properly.

7.1.5 That the recorder and integrator are functioning preperly.

7.1.6 That the septa have been leak-checked (leak-checking 1s
effsctud by placing the soap bubble flow meter inlet tube over the
injaction port adaptors), and that no septum will be used for more than
2C injections.

7.1.7 That the 1ist of samples to be run 1s ready.

7.2 Retsntion time calibration:

7.2.1 To ohtain the temperature ranges for reporting the results of
the analyses, the chromatograph is given a rormal bofling noint-retention
time calibration. The n-alkanes, their boiling points, and data
reporting ranges are given 1n the table below:
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3P %0 Zanerting Ranne, 3 mort As

n-heptane 58 50-110 ¢7

n-gctane 125 113-140 3

neiionanae 151 140-160 CI

n-iacane 174 150-130 cie
n-undacane 134 120-200 1l
n-godecane 214 <00-220 12
n-tridacane _ 234 225-240 ci3
A-tatragrrane 252 233-260 {14
neszntadacana 270 230-280 ' €33
n-nexadzoone 223 230-300 €ié

7.2.2 Preparation of standards: Preparing a aixture of the £7-C15
alkanes i< required. Thers are {wo approaches: (1) use of a standards
kit (2.g9., Polyscience Kit) centaining totties of mixtures of selectad n-
alkanes which may be combined to prodiuce a C7-C16 standard; or {2) use of
botties of the i{ndividual C7-C16 alkanes from which accurately known
volumes way be taken and combined to give a C7-C16 aixture,

7.2.3 Procadure for retentfon tize calibration: This calibrution
13 parformed at the start of an analytical program; the mixture is
chromatographed 2t the start of each day. To attaln the required
retantion time precision, both the carrier gas flow rata and the
tamperature program specifications must be observed. Datails of the
gracedgre depend on the instrument being used. The general procedure 15
as follows:

7.2.3.1 Set the programmer upper limit at 250°C, If this
setting does not preduce a column tamperature of 250°C, find the
correct setting.

7.2.3.2 Set the programmer lower limft at 30°C.

7.2.3.3 VYerify that the {ipstrument and samples are at room
taaperature.

7.2.2.4 Inject 1 ul of the n-al¥ane mixture,
7.2.3.5 Start the intzgrator and recorder,

7.2.3.6 Allow the finstrument to run f{sothermally at roca
tempersture for five ain,

7.2.3.7 Shut the oven door.

7.2.3.8 Change the mode to Autometic and start the temperature
prograa.

7.2.3.5 Repeat Staps 1-9 a sufficient number of times so that
the(gelative standard deviation of -the retontion times for each peak
1s {5%.
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7.3 Rasconse calibration:

7.3.1 For the purnoses of a Level 1 analysis, response-quantity
calisration with n-dacane 13 adequate., A 10-ul volume of n-d2cane is
injacted Into a tared 10 nlL voiumetric flask., The seight {njected 1s
obtained and tha flask s diluted to the mark with r-pentane. This
standard contains about 730 ng n-decane per ylL n-pentane, The exact
concentration depends on temperature, so that a weight {s required. Two
serfal tenfold dilutions are made from this standard, giving standards at
about 720, 73, and 7.3 ng n-decane per ul n-pentane, respectively,

7.3.2 Procadure for response calibration: Tais calibration is
performed at the start of an analytical program and monthly thereafter,
The most concentrated standard {s injected once each day. Any change in
calibration necessitates a full calibration with nrew standards.
Standards are stored in the refrigerator locker and are made up monthly.

7.3.2.1 Verify that the instrument 1s set up properly.
7.3.2.2 Set electrometer at 1 x 10-10 A/mv.

7.2.2.3 Inject 1 ul of the highzst ccncentration standard.
7.3.2.4 Run standard temperature program as specified above.
7.3.2.5 flean syringe.

7.3.2.6 Make i-epeated injecticns of all three standards unti!

the relative standard deviations af the areas of sach standard are
$.4.

7.4 Samole analysis procedure:

7.4.1 The following apparatus is required:
7.4.1.1 Gas chromatograph set up and working.
7.4.1.2 Recnrdar, {ntegrator working.
7.4.1.3 Syringe and syringe cleaning apparatus.

7.4.1.4 Parameters: Electrometer setting is 1 x 10-10 a/my;
recorder s set &t 0.5 {n./min and 1 oV full-scale,

7.4.2 Steps In the preocedure are:

7.4.2.1 Label chromatogram with the data, sample number, etc.
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7.4.2.2 Inj2ct sarpis.
7.4.2.3 'Start integrator and recorder.

7.4.2.4 After fisothermal operation for 5 min, begin
tarparature program.

7.4.2.5 Clean syrings.
7.4.2.56 Return sample; obtain new sampie,
7.4.2.7 Mhen analysis 1s finished, allow instrument to cool.

Turn chromatogram and integrator output and data sheet over to data
analyst.

-3
.
b¥ 4 ]

Svringe c¢leaning procedure:

7.5.1 Remove plunger from syringe.

7.5.2 Insert syringe into cleaner; turn on aspirator.

7.5.3 F111 pipet with pentane; run pentane through syringe.
7.5.4 Repeat with methylene chloride from a separate piper,
7.5.5 Flush plunger with pentane followed by methylene chloride.
7.5.6 Repeat Qith methvizne chloride,

7.5 Sarple analysis dacisicn critarion: The data from the TCO analyses
of organic extract and rinse concentrates are first used to calculate the
total concentration of C7-Ci6 hydrocarbon-equivalents (Paragraph 7.7.3) in the
sample with respect to the volume of air actually sampled, 1.e., ug/=. On
tnis basis, a dacision {s made both on whether to calculate the guantity of
#ach n-alkane equivalent present and on which analytical precedural patiway
will be followed. If the total organic content 1s great enough to warrant
continuing the analysis -« DZ00 ug/;g -~ a TCC of less than 75 ug/as will
requive only LC fractionaticn and gravimetric determinations and IR_spectra to
be obtained on each fraction., If the TCO is greater than 75 ug/m3. then the

first seven LC fractions of each sample will be reanalyzed using this scme gas
chiromatographic technique,

7.7 <cCaiculations:

7.7.1 331ling Point - Retention Time Calibration: The required
data for this calibration are gn the chromatogram and on the data sheet.
The data reductiqn 1s performed as foliows:

7.7.1.1 Average the retention times and calculate relative
standard deviations for each n-hydrocarbon.
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7.7.1.20 210t avarige refantion ticas as  adscissae  versus
acrmal botling coints as oirdinatas,

7.7.1.3 Draw in cilibration curve,

7.7.1.4 Locata and ra2cord retantion times corresonding to
>0111ng ranges 90-100, 110-140, 140-160, 150-130, 185-200, 200-220,
220-240, 240-250, 260-280, 280-309°C,

7.7.2 Qesponse-amount calibraticn: The required data for this
calibration are on the chromatoqram ard on the data sheet. The data
raduction {5 parformed as follows:

7.7.2.1 Average the area responses of each standard and
calculate reiative standard deviations.

7.7.2.2 Plot response (uv-sec) as ordinate versus nq/ul as
abscissa.,

7.7.2.3 Draw in the curve, Perforu least squares regression
and obtain slope (uv-sec-ul/ng).

7.7.3 Total €7-C16 hydrocarbons analysis: The required data for
this calculation are on the chromatogram and on the data sheet. The data
r=duction {s performed as follows:

7.7.3.1 Sum the areas of all peaks witli'n the retention time
range of interest.

7.7.3.2 Convert this area (uV-sec) to ng/ul by dividing by the
weight response for n-decane (uvV-sec.ul/ng).

7.7.3.3 Hultiply this weight by the total concentrate volume
{10 aL) to get the weight of the C7-C16 hydrocarbons in the sarple.

7.7.3.4 Using the volume of gas sampled or the total weight of
sample acquired, convert the result of Step 7.7.3.3 above to ug/=3.

7.7.3.5 If the value of total (€7-C1§ hydrocarbons frcm Step
7.7.3.4 above exceeds 75 ug/a, calculate {ndividual hydrocarbon
concentrations in accordance with the I{nstructions 1in Paragraph
7.7.5.5 belew, -

7.7.4 Individual C7-C16 n-Alkane Equivalent Analysis: The required
data from the analyses are on the chromatogram and on the data sheet.
The data reduction 1s performed as foilows:

7.7.4.1 Sum the areas of peaks {in the proper retention time
ranges.
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7.7.4,2 Convart areas {u¥esec) f£o ng/ulL by dividing by the
prcpe weight response (uV-sac-ul/ng). ' .

7.7.4.3 4ultiply each weight by total concantrate voiume (10
al) to gt weight of species in each range of the sample.

7.7.4.4 Using the volume of gas sampled on the total weignt of
sarple acquired, convert the result of Step 7.7.4.3 above to ug/m3.

8.0 GQUALITY CCMTROL

8.1 Appropriatz QC is found 1in the pertinent procadures throughout the
method.

9.0 METHCD PERFORMANCE

9.1 Etven rejatively comprehensive error propagation analysis {s beyond
the scope of this procedure., With reasonable care, peak area reproductbility
of a standard shcuid be of the order of 1% RSD. The relative standard
deviation of the sum of all peaks in a fairly complex waste might be of the
order of 5-10%. Accuracy is more difficult to assess. With good analytical
tachnique, accuracy and precision should be of the order of 10-20%.

10.0 REFERENCES

1. Emissions Assessment of Conventional Stationary Combustion Systers:
Methods and Procedure Manual for Sampling and Analysis, In%eradency
Eneigy/Environmental R&D  Pregram, Industrial  :rnvironmental Research
Laboratory, Research Triangle Park, HC 27711, EPA-6L3/7-79-(29a, January 1979.
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HETHOD 3

MITHOD S DITERMINATION OF PARVICTIATE
ITd33SIONS FNoM STATIONARY SOURCES

1. Prnciple and AppltceMiity

1.1 Prneiple. Pandculate matter is with.
drawn soxunetically {rom lne source aand
coliected on a flsss (iber {iltér maintained
Al 3 temperature in the range of 120=14"C
(243=2%" F) or such cuher temperaiure as
peciiied By an opplicable subpamt of the
standards or approved dy Admingiirator,
2.5. Invironmental Protection Agency, for
a particwar application. The particulats
mass, stuch neiudes any material that con-
denses at or above the [itrslion tempera.
ture, s oetermined ‘Tavimetrically w.ler re-

.movad of uncombined wster.

1.2 Applicadtlity. This method is applica-
bie for the determinaticn of parvicuiste
£MIILIONS [rom SLALIONArY sources.

3 Agparatws

2.1 Sarspling Train. A schematie of the
samnpling wain used i Lhis methad is shorm
in igure S-i. Comp'ete construction details
are fiven in APTC-0381 (Citation 2 in Bibh-
cgTApiY) commercial models of this train
472 Also available. For changes from APTD-
0581 and for aliowail: meodifications of the
train shown in Pigure 5-1. see the following
ssections.

The ooerating and maintenance proce-
dures for the samplng traun are described in
ATTO-0878 (Clitstion 3 in P'hiography).
Since corr.ct usege !S UMPOrtANt i obiain.
g valld resulta, all users shouid re.d
APTD-0378 and wicpt the oberating and
maintenance procedures ontlinied 0 it
unjess . lherwise spectiied . reta. The sam.
pling traun corsists of the {ocliowing compos
nenty

LEMPERATURE SENSOR
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2.1.1 Probe Nozzle. Stawnlxss steel (5.8)
or zlaxs with sharp, tapered lesaqing sdge.
The angie of taper shall e <X and the
taper snail be on Lhe ouiside to preserve &
constant internal dismeter. The prove
nozzie shall be of the butlon-hook or eibow
deeign. unless otherwise specified by the Aa-
munsiraier. [ made of staniess steel, the
noizie shall be constructed {rom seamliess
tusing: other mate=ais of construction may
be Lsed, subject L0 the appruval of the Ad-
ministrator.

A range of nozzl> sizes suitadie for tsokin.
etic senipling should be avauable. eg. 0.32
to 1.47 cm. (Y 1O % inL)--or larger if higher
voiume sa.apiii:g trauns arr wGed--in2ide ai-
ameter (10) nozzies in 1ncrements of 0.18 cm
(Ve ). Zach nozzie shall be tallbrated ac-
cording to the procedures outlined (n 3eec-
tion S.

2.1.2 Prove Liner. BSerosuicate or quartz
giass tubing wath a heating system capabier
of maiitalUnng A gas temperscure at the exit
end dunng sampling of 120=14° C (248=28"
), or such other temperature as specified
by an applicaDdie subpart of the standards or
approved by the Adnumsirator {or a par-
ticular application. (The tester may opt to
operste the equipment ai 3 temperature

- lower than that specfied.) Since the actual

temperature at the cutlet of the prove
not usualy monutated during sampling,
probes constructed aqerding to APTD-0581
and utilizing the csubrauon curves of
APTD-0378 (or calibrated according 0 the
nrocadure outiined in APTD-0578) il be
considered acceptabie.

Zither borosilicate or quartz glass probe
liners may te used for stacx lempersiures
ud 1o about 480° C (900" F) quartz Liners
snall de used for temperatures betweer 430
ang 500" C (90C and 1.650° F). Both tynes of
liners may be used at higher tamperatures
than speci{ied for short pe.~0ds of time, subd-
j2Ct 0 lhe approve! of the Admunistrator.
The softerung temperature for dorusiiicate
i3 830° C11.508" F), and for quartz it s 1.500°
CL732° ™.

‘Whenever practical, every effort should
2¢ made 1D use boroslicate or quarts glass
prods | aers. Alternstively, metal liners
(e.g., 313 .ianiess steel. Inioioy 823.' or
other corrosion reswtant ns als) mage of
eamiess tubing may be used. sudject L& the
approval of the Administrator.

2.1.3 Pitet Tube. Type S, a8 descrided in
Sention 2.1 of Method 2, or other device 2p-
prvved by the Adminustrator. The pitot tube
shail be sttached to the probe (as shovn in
Figure 5-1) 10 allow constant moniturng of
the stack gas veloci*v. The impact (high

‘pressure) ovening pizae of the pitot tude

shall be even with or above the nozzle en.ry
plane (see Method 2 Pigure 2.6d) during
sampling. The Type S pitot tube assemdly
shall heve 8 known coefficient. determined
8 outlined {n Section 4 of Method 2.

Mentian of trass names or specific prod.
ucs Loes not cons’llute endorsement by the
Zbvironmentii Protecticn Agency.

IMPINGER TRAIN OPTIONAL MAY BE REPLACED

ok 3Y AN EQUIVALENT CONDENSER
]::::3~L]EJ o PROE IEATED AREA  THEAMOMETER -
<< ~—— ‘ Temperature 'ATEDS THERMOMETER
~ ) SEN3OR ‘ CHECK
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\ WALL
I =
£ = 3 VACUUM
/ i ("‘ 7 UiNe
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Mvav TURE ‘ |
]
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Tgure §-1. Particuiate sampling traln.
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214 Differentia  Pressure Gauge. In-
i manometer or equiviient device
tw0). a8 cescrbed in Sectton 2.2 3f NMethod
L Cne mancmeter sinall be used cr veiocity
1223 (1)) resdunigs, and the 3tner, {or onfice
H{fzrenua pressure ceadings.

2.1.5 Piter Hoider. 3orosilicate glnss,
vith a glass (n0 fllter support and a silicune
uber zasxet Other matenals of construe:
ion (e.g., stadniess steel, Teflon. Viter) may
se used, sudject 0 approval of the Acmus-
rator. The aolder cesign shall provide a
J0sitive seal Agaunst (eaxage rom .he oyt
ide or around :ne !ilter. Tiie noicer snail
Je attached mmeatately at the outlel of the
Jrobe (or cyclone. it used).

.18 Pter Jeating Sysiam. Any hestung
ystem capable of malntaning a ternperse
ure arou.d the fliter notasr durng sara-
ilng of 120=14" C (248=25" P). or such
ner termperature as soecified by an spgli-
:able sudpart of the standasds or apploved
3Y the Admainustrator {or a pasticular appli-
ation. Alternatively, the tester may opt to
Jerate the equipment at a temperature
ower than that specified. A l(smperatuce
‘AUZe capable of measuring lempearaiure 1o
ithin J° C (5.4 F) shall Se wnstaiied 59 “hat
he temnerature arcund :he [lter noider
in be resviated and morutorad during same
iing. Hes’inx systems other then thg one
hown in APTD-0581 may be used.

2.1.7 Condenser. The following syi.em
nall he used to determine ‘he siack aa
nouture content: Piur impuigers ccnnsected
N seres with lesk-{rew ground glsas [Ittlngs
P any umilar leak-Iree noa<conisamnating
itungx The [irst, third, angd {curtn um-
iingers shall be of tae Sreenturg-3mitn
lesign, modified dy repiecing LLe % with
3 cm (%hoin) LD glaas tude ellanding o
bout 1.3 cm (Y 1) {rom the howtam »of tne
lase. The recood tmpinges inall ce 37 the
Jreenhurr-Scath design withh (he stendard
10, Mdodiiicalsons (e.g.. uskiy dexidie con-
iections et ween the impingart. WLy Msler
1als other thAn glasa, or using !{i=xible
scuuIn ilnes 1o connect the (iter haiacr o
ne condenwer) may be used. subject Lo the
.oproval of “he Administrator. The (irst and
econd lrapuigers snal contain known quan-
ities of wuter (3ection 4.1.3), the third snail
< emply, aasd the {ourth shall contaun s
nown weight of silica gel. or equivaient
ssiccant. A (fermometer, capable of meas.
neg temperiide o yzhin 3 C (2 7Y ynall
€ piaced at the ouliat ui the fourth imping.
r{SP MOoraioring IuNSs,

Alternaciveiy, sny vt m that cools 'he
wnele gas styXam and vlisws messuremsnt

i the water concersad aiid mousture leav.
ng the condenser. cacn (o within l mlaor ) ¢
nay be used, suciett W e aGDroval of tae
\dmunistratof. ACCeD!&di¢ mesns e 1)
nessusre the cunacnsed water cither naw.
netrically or volumetrically and 1) measww
he rnowstige leavirg the condenser a7° (1)
annitoring e temperstiy® and neasatire it
he exit of the condenser and usinig Dalton’s
Aw of pertiai pressured of (2) nassing s
ample has stream through & tared su.ca o
or rquivaient desiorane) (rAD withq exit
‘2308 kept below 20° C (38° ™ and dewermip-
ng the weignt gL

U means acher than sillen yvel are used to
‘etermine tha aaocunt of molsturs leaving
he condenser, ! i3 recommended tnat utiles
el (or equivalenii) stil he ured nelw~ey “he
ondender system anG pwnp o Liwvent
ALY CONGETALON U PN DUMD Wid ne-
*ring devices and Lo avovd tne newd W make
orrections [OF mouture a8 the (astered
olumae.

dovr !l a letermunation o. the sartiey.
late matller couscled "1 LNe uopuUigers s le
rired (0 aadilion (9 molstuwre .ontent, the
IMDULGEr >ystem Jesciiled aoove shall Le
used,  without modfication Inaivisual
States or control adencies requiuring thu in.
Jirmation Shald e contacted 13 5 th
sample racovery anid cnalysss of the unpuig-
er contents.

213 Metering System. Vacuum zauge,
taax-(ree cwnp, lhermometers =agaple of
measuring lemperatuse (0 Mehin 3° C (.47
). dry a3 meter capsble of measuning
vojume t0 Wthin 2 percent, and reistad
equipaent, a3 shown 0 rigure S-1. Other
metering 3ystems capable of maintalung
samp!ing rates within 10 pereent of soxine-
tie 1nd of getermuinung sample volumes o
within 2 sercent may de used. subject W Lhe
inoroval of the Adminustrator. When the
metering system i3 used in conjunction with
a Ditot tubde, the systeru shal enable checks
of lsokinetic ratss.

Sampling trains utilizing metering sys-
tems designed [or higher !low rates than
thAL cecribed n APTD G581 or APDT-0378
may be used providsd that the sdectilcs
tans of this method are raet.

2.1.9 Basrometer. Mercury anercid, or
other barometer capaole of mesasuring s
mospheric pressure to within 2.5 mm Ug
(0.1 in. Hg). ln many cases the barometric
resding may be obtained Mmm & nearby na
tional westher service station. in wiie case
the station value (which (3 the sbsolute bar-
cmetric pressure) shall be requested and an
adjustment [for eievation differences De-
tween the westher station and sampling
point shall Se spoplied at & rate of minus 1.3
mm Hg (0.1 .0, dg) per 30 m (100 (1) sleve-
LON inNcresse or vica versa [or eievalion Jde
cresse. :

21.10 Gas Density Determunation Equip-
ment. Tempersture sensorf and pressure
g3uUge, A8 descrided 1n Sections 2.3 znd 2.4 of
Method 2, and gas anajyzar, U necessary. a8
described In Method 3. The temperature
sens s shall preferably, be Dermanently as-
tachied to Lhe Sitot LLO® OF samdiing prode
in a {ixe¢ configurasion, such that tae tip of
the sensor extends beyond the iesding ec3s
of the prone sheath and dces oot touch aar
metal Ailermatively, the sensor may be at-
tacned just pnor to use in the fleid. Nota.
however, that If the tempersture sensor s
attacled (n the [leid, the sensor m:ust be
piaces, .1 A1 (nterference-{ree arrungemant
with respe:t to the Type 3 pitot tube open-
{ngs (see Alrihod 2, Figure 2-7). As a second
tcernative, I & difference of not more than
1 percent (o the average veiocity measure-
rient ‘s ta he (ntroduced. the temperstwle
Fauge need no’ be attached {0 the probe or
sitot tune (This altamative i3 subject to the
spprovas of the Administrator.)

2.2 uample Recovery. The [(following
items are needed.

2.2.1 Probe-Liner and Probe-Nozale
Brishes. Nylon bristle brishes with staia-
less steei wre handles. The prode bruah
1hail nave extansions (1t least as long as the
preve) of vaunicss steel. Nyton., Tetlon, of
sunuarly inert material The brushes shall
be sroperly sizad and shaped o brush out
the vrobe liner and nosx'se.

222 Vaan BSotties—-Two. GClua wash
bYolties are recommended: polyethylens